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2.0  INTRODUCTION 


In  considering  wood  waste  as  a feedstock  for  ethanol  production,  it  must  be 
realized  that  the  chemical  makeup  unique  to  raw  wood  dictates  plant  processing 
requirements  within  fairly  narrow  limits.  The  so-called  1 ignocel lul osic 
character  of  natural  wood  is  actually  a systematic  mosaic  of  carbohydrate 
compounds  interlaced  with  lignin  and  held  together  in  rigid  structures  by 
strong  chemical  bonding  forces.  Reasonably  rigorous  reaction  conditions, 
therefore,  are  required  to  disrupt  the  stable  chemical  structure  and  release 
the  carbohydrate  fractions  for  conversion  to  ethanol  and  other  marketable 
products . 

The  Madison  Wood  Sugar  Process  was  developed  to  convert  the  cellulose  and 
hemi cel  1 ul ose  components  of  raw  wood  to  simple  sugars,  utilizing  mineral  acid 
hydrolysis  of  wood  waste  under  controlled  conditions.  The  resulting  hydro- 
lysate contains  six-carbon  sugars  (hexoses)  derived  from  cellulose  and  five- 
carbon  sugars  (pentoses)  from  hemicel 1 ul oses . 

The  Madison  process  served  as  the  basic  model  for  the  preliminary  plant  design 
presented  herein.  Modern  conventional  fermentation  and  distillation  systems 
were  incorporated  to  convert  six-carbon  sugars  to  anhydrous  ethanol  and  to 
convert  five-carbon  sugars  to  furfural  and  animal  feed-grade  molasses. 

A detailed  analysis  was  performed  on  wood  waste  resources  available  for  an 
Anaconda,  Montana  plant  site,  complete  with  determination  of  economic  oper- 
ating radius  for  feedstock  gathering  and  delivery. 
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All  economic  findings  from  the  study  were  pooled  and  subjected  to  cash  flow 
analysis  to  measure  business  prospects  for  the  potential  plant  installation. 
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3.0  PLANT  PARAMETERS  AND  PROCESS  DEVELOPMENT  HISTORY 


3.1  PLANT  SIZING  AND  SITING 

Funding  for  this  investigation  was  obtained  by  a grant  from  the  Montana 
Department  of  Natural  Resources  and  Conservation  (1).  The  work  statement 
section  of  the  grant  contract  specified  the  plant  size  as  2,500,000  gallons 
per  year  and  the  plant  siting  at  Anaconda,  Montana.  Therefore,  these  fixed 
parameters  were  used  as  guides  in  the  development  of  the  preliminary  plant 
design,  in  the  survey  of  wood  waste  resources,  and  in  economic  analysis  of 
the  potential  business  venture. 

3.2  PROCESS  SELECTION 

The  fuel  ethanol  system  to  be  used  in  this  project  was  specified  to  utilize 
the  Madison  wood  sugar  process,1  including  modifications  to  incorporate  more 
recently  developed  technologies  where  advisable.  In  developing  the  pre- 
liminary plant  design,  certain  modifications  were  made  to  the  basic  Madison 
process.  A major  adaptation  consisted  of  the  inclusion  of  steam  explosion 
equipment  for  autohydrolysis  of  wood  waste  prior  to  its  entry  into  the 
digestion  vessels  of  the  Madison  system.  Another  important  change  was  made 
by  replacement  of  the  original  lime  slaking  system  with  more  modern,  easily 
automated  equipment  for  tighter  control  of  acid  hydrolysate  neutral iztion. 
These  changes  are  described  in  Section  7.0. 


(1)  Department  of  Natural  Resources  and  Conservation  Grant  Number  451-811. 
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3.3  EVOLUTION  OF  WOOD  SUGAR  PROCESS  DEVELOPMENT 

The  Madison  wood  sugar  process  evolved  from  experimental  and  commercial  deve- 
lopments in  acid  hydrolysis  of  wood  that  spanned  more  than  one  and  one-half 
centuries.  The  first  recorded  work  was  that  of  Braconnot3  who  discovered  in 
1819  that  cellulose  dissolved  in  concentrated  mineral  acid  solutions  was 
converted  to  sugar.  Following  that  discovery,  research  was  carried  out 
sporadically  in  Europe  and  the  United  States  in  attempts  to  develop  economi- 
cally sound  processes  for  making  sugar  products  from  wood. 

Ethyl  alcohol  production  from  wood  hydrolysates  was  practiced  commercially 
in  the  United  States  as  early  as  the  World  War  I era,  with  the  so-called 
"American  Process".3  This  process  utilized  a hydrolysis  procedure  based  upon 
dilute  sulfuric  acid.  Hydrolysis  was  carried  out  in  a rotary  digester,  with 
short  reaction  time  and  comparatively  low  temperatures.  Under  these  condi- 
tions, the  process  liberated  sugars  only  from  the  most  easily  hydrolyzable 
material  in  the  wood  feedstock.  Resulting  sugar  yields  were  of  the  order  of 
about  22  percent  of  theoretical  maximum. 

Two  commercial  plants  were  constructed  and  operated  on  the  "American  Process" 
during  World  War  I years.  One  plant  was  located  at  Georgetown,  South  Carolina 
and  the  other  at  Fullerton,  Louisiana.  Both  plants  contained  fermentation 
systems  with  ethanol  as  their  end  product.  These  plants  produced  over  5,000 
proof  gallons  of  ethanol  per  day  and  operated  in  competition  with  fermentation 
plants  producing  ethanol  from  molasses  feedstocks.  In  time,  shortages  of 
wood  material  and  low  molasses  prices  forced  both  plants  to  close. 
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Wood  hydrolysis  by  acid  treatment  was  the  focal  point  of  substantial  process 
research  attention  in  the  time  period  between  World  Wars  I and  II.  Among  the 
processes  developed  during  the  period,  one  in  particular  emerged  as  the  most 
readily  economical  and  became  known  as  the  Scholler  process. 4’ 6’ 7 This 
process,  connected  to  ethanol  fermentation  systems,  achieved  particular  promi- 
nence in  Germany  during  World  War  II  when  it  was  used  in  plants  producing 
ethanol  fuel  for  the  German  war  effort. 

The  Scholler  process  was  distinguished  by  sugar  yields  reported  to  range  from 
70  percent  to  77  percent  of  theoretical  maximum.  It  employed  dilute  sulfuric 
acid  and  steam  pressures  up  to  200  psi  in  a stationary  digester.  Unlike  the 
"American  Process"  which  preceded  it,  the  Scholler  method  introduced  recycle- 
leaching  circulation  qf  digestion  liquors  whereby  many  batches  of  acid  liquor 
were  passed  through  the  same  wood  charge.  Oigestion  times  of  16  to  20  hours 
were  required  to  complete  the  wood  hydrolysis  step. 

American  rights  to  the  Scholler  process  were  acquired  by  the  Cliffs-Oow 
Chemical  Company  in  1935. 2 This  company  conducted  pilot  plant  testing  of  the 
process  in  their  facilities  at  Marquette,  Michigan,  with  encouraging  results. 
In  1943,  the  War  Production  Board  requested  that  a program  of  process  deve- 
lopment be  expedited  to  yield  a plant  design  for  ethanol  production  from 
wood.  The  Forest  Products  Laboratory  of  the  U.  S.  Department  of  Agriculture 
was  designated  to  conduct  the  program,  and  initial  pilot  plant  testing  took 
place  in  the  Cliffs-Dow  facilities.  From  these  tests  and  other  work,  the 
Madison  wood  sugar  process^  was  developed. 
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A full-scale  wood  hydrolysis  and  fermentation  plant  was  designed  using  the 
Madison  wood  sugar  process.  The  plant  was  built  at  Springfield,  Oregon,  with 
a design  capacity  rating  of  about  5,000,000  gallons  of  190°  proof  ethanol  per 

year. 

Construction  on  the  Springfield,  Oregon  plant  was  completed  after  the  end  of 
World  War  II.2  By  the  time  of  its  completion,  the  urgency  of  its  mission  had 
passed  and  ample  supplies  of  low  priced  petroleum  were  becoming  available  for 
ethanol  production  by  the  inexpensive  ethylene  route.  Although  the  plant  had 
been  operated  in  experimental  runs,  additional  capital  was  judged  to  be  needed 
to  bring  it  into  full  operation  in  continuous  running.  Under  the  economic 
conditions  that  prevailed  at  the  time,  general  interest  and  government  spon- 
sorship soon  waned  and  the  plant  was  closed. 

3.4  DEVELOPMENT  OF  THE  MADISON  WOOD  SUGAR  PROCESS 

With  the  embodiments  of  the  Scholler  process  (References  4-6,  8-18)  accepted 
as  representing  the  most  advanced  state-of-the-art  in  wood  hydrolysis  to 
sugars,  systematic  experimentation  began  in  1943  to  re-evaluate  the  process 
and  to  seek  improvements.  Work  performed  by  the  Forest  Products  Laboratory 
(References  1,  2,  19-21)  showed  that  a number  of  steps  in  wood  hydrolysis 
procedures  described  by  Scholler  (References  7,  22-31)  offered  opportunities 
for  improvements  in  sugar  yields,  energy  efficiency,  and  functional  life  of 
some  plant  components.  For  example,  it  was  shown  that  reduced  sugar  yields 
and  inordinate  usage  requirements  for  acid  and  base  were  the  result  of  the 
Scholler  batch  digestion  process,  with  its  intrinsic  hydrolysis  periods 
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ranging  from  16  to  20  hours.  Moreover,  steaming  and  holding  periods  for  the 
wood  charge  between  acid  batches  were  shown  to  promote  sugar  decomposition 
and  to  call  for  elaborate  manipulation  of  valve  controls. 

The  Madison  wood  sugar  process  was  developed  to  eliminate  or  minimize  the  out- 
standing deficiencies  of  the  Scholler  process ,' from  which  it  was  principally 
derived.  Extensive  pilot  plant  work  was  conducted  on  Douglas  fir  wood  waste, 
and  Tables  3-1,  3-2,  3-3,  and  3-4  summarize  the  experimental  findings.  Figure 
3-1  presents  a process  schematic  diagram  of  the  wood  sugar  section  of  the 
pilot  plant  developed  to  perfect  the  Madison  wood  sugar  process. 

tinder  pilot  plant  conditions,  using  mixtures  of  mill  edgings,  chipped  slabs, 
sawdust,  and  shavings,  an  improved  hydrolysis  process  was  perfected.  It 
employed  sulfuric  acid  solutions  of  0.5  to  0.6  percent  strength  at  tempera- 
tures of  150°  to  180°C,  with  the  dilute  acid  flowing  continuously  through 
the  charge  of  wood.  A markedly  shortened  hydrolysis  time  was  accomplished, 
because  of  more  rapid  removal  of  sugars  from  the  digester.  Sugar  decomposi- 
tion was  reduced  due  to  shorter  residence  times  in  acid  solutions,  with 
consequent  improvements  in  alcohol  yields. 

The  Madison  and  Scholler  processes  were  directly  compared  for  alcohol  produc- 
tion in  pilot  plant  equipment J The  sugar  yield  derived  from  one  ton  of  dry, 
bark-free  Douglas  fir  wood  waste  for  each  process  was  fermented  to  ethanol. 
Using  the  Madison  process,  2.8  hours  hydrolysis  time  resulted  in  64.5  gallons 
of  190°F  proof  ethanol,  as  compared  to  13  to  20  hours  and  55  gallons  for  the 
Scholler  process. 
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Taken  together,  the  lines  of  process  development  work  leading  to  the  Madison 
wood  sugar  process  streamlined  and  automated  the  majority  of  steps  in  conver- 
sion of  wood  to  sugar  components  and  systematized  production  and  recovery  of 
chemical  byproducts.  The  highlights  of  the  process  advancements  were  as 
fol 1 ows : 

a.  A steaming-packing  system  for  loading  wood  waste  into  the  digesters 
for  subsequent  hydrolysis; 

b.  A top-loading  method  of  acid  delivery  to  the  digesters,  automati- 
cally controlled,  to  facilitate  rapid  hydrolysis  from  percolation 
of  acid  solutions  through  the  wood  charge; 

c.  Automatically  controlled  removal  of  sugar  solutions  from  the  bottom 
of  the  digesters,  to  minimize  acid-catalyzed  destruction  of  sugar 
components; 

d.  Controlled  flashing  of  sugar  solution  liquors  immediately  down- 
stream from  the  diqesters,  to  set  temperature  and  pressure  condi- 
tions for  furfural  and  methanol  recovery;  and 

e.  Stepwise  stabilization  of  steam  usage  and  steam  recovery  to  maximize 
energy  efficiency  of  the  overall  plant  system. 

Interest  in  wood-to-ethanol  processing  laid  dormant  during  the  period  between 
World  War  II  and  the  1970's,  when  the  1973-1974  Arab  oil  embargo  immediately 
focused  global  attention  upon  alternate  energy  resources  and  processes  for 
their  utilization.  Motor  fuel  alternatives  to  gasoline  began  to  receive  high 
priority,  and  ethanol  from  biomass  quickly  became  a focal  point  for  process 
research  and  economic  analysis  in  the  United  States  and  in  other  nations  as 
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well.  The  basic  Madison  Wood  Sugar  Process  was  generally  accepted  as  the 
bench  mark  for  process  improvement  in  research  on  ethanol  production  from 
cellulosic  feedstocks,  including  wood  waste. 

Physical  treatments  of  wood  waste  to  increase  ethanol  yields  have  centered 
largely  upon  autohydrolysis  techniques  through  steam  explosion,  while  yield 
improvements  in  hydrolysis  of  cellulosic  materials  to  free  sugars  have  been 
sought  primarily  through  enzyme  treatments. 

Peviews  of  steam  explosion  processing  methods  for  wood  waste  have  been  pre- 
sented by  Lora  and  Wayman33  and  by  Taylor. 22  Wayman,  et.  al3^  presented 
experimental  findings  where  autohydrolysis  treatments  were  followed  by  either 
acid  or  enzyme  digestion.  These  workers  reported  sugar  yields  from  aspen 
wood  exceeding  80%  of  theory  from  acid  hydrolysis  procedures  similar  to  the 
Madison  process  on  autohydrolyzed  wood.  Enzymatic  digestion  carried  on  in 
parallel  experiments  produced  sugar  yields  up  to  99.9%  of  theory,  but  five- 
day  incubation  was  required  with  10%  enzyme  concentration  on  the  wood  sub- 
strate. 

Excellent  reviews  of  progress  on  enzyme  saccharification  of  cellulosic  mat- 
erials have  been  published  by  Garden,  et_.  aj_  33  and  Spano,  et . aj_.33  Emert 
and  Katzen  37  have  published  extensive  findings  combining  different  grinding 
methods  on  cellulose  feedstocks  with  subsequent  chemical  and  enzyme  hydrolysis 
procedures.  Innovative  processing  concepts  have  been  presented  by  the  Swiss 
team  of  Mendelsohn  and  Wettstein,38  who  adapted  the  basic  principles  of  the 
Madison  process  into  a semiconti nuous  acid  hydrolysis  system  connected  to 
continuous  fermentation. 
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As  part  of  the  recent  interest  in  manufacture  of  fuel -grade  ethanol  from  bio- 
mass feedstocks,  subjects  of  extensive  analysis  have  been  capital  cost  require- 
ments and  overall  production  economics.  Best  known  reports  of  the  findings 
include  those  of  Wayman,  et.  aj_,34  the  Mitre  Corporation,^  Hokansen  and 
Katzen,^0  and  Robertson,  Nickerson. 

An  overview  of  experimental  work  as  described  above  leads  to  the  conclusion 
that  enzyme  hydrolysis  developments  have  not  yet  reached  the  stage  of  economic 
feasibility  for  wood  waste  processing.  They  may  approach  economic  validation 
in  more  highly  purified  cellulose  sources  such  as  newsprint.  Autohydrolysis 
through  steam  explosion  has  been  a reasonably  well  documented  process  in 
technical  efficiency  and  can  be  justified  as  an  economic  improvement  as  an 
addition  to  the  basic  Madison  Wood  Sugar  Process. 
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FIGURE  3-1. --A  wood-sugar  molasses  plant  processing  60  tons  of  dry 
wood  per  24  hours.  All  quantities  in  pounds  per  24  hours. 

From-  Reference  2,  Section  3.5. 
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TABLE  3-1 . --Composi tion  and  products  from  Douglas-fir  sawmill  waste. 


Form  cf  wood 


Hark. 

Sawdust  (13.5  peroent 
bark) 

Slabs,  bark-free 

Slabs,  nlll-run 

(35  peroent  bark).. 

Hog  fuel  3.  select 
removed  {52  percent 
bark) 

2 

Shaving;?^. 


Yield  of  hydrolysis  products 

• uourpo^ixion 

At  C.p  percent  cr  lees? 
concentration  of  reducing  sugar 

At  5*0  peroent  concentration 
of  reducing  sugars 

: Potential 
: reducing 

: e ugar 

: content 

Pc  tcrt  LfiZ. 
fernor.t  r5~lo 

m _ *.  _ • 

re  due  in.’ 

Fermentable 

reducing 

Bugar 

Alcohol 

Total 

reducing 

sugar 

Fermentable 

reducing 

sugar 

Aloohol 

: Percent 

Percent 

P^rcs  r.t 

Percent 

Gall one 

Percent 

Percent 

Gallons 

rer  ton 

per  ton 

i 37-5 

26.ii 

12.4 

11.2 

16.9 

15.3 

9-3 

13.9 

: 63.2' 

53- A 

44.6 

37-1 

55-5 

41.6 

34.6 

51.9 

' e'7.5 

et  rv 

✓ < » 

Lia  wq 

4o.6 

6l.o 

39.0 

32.1 

43.5 

: 5o.3 

4;.k 

3--  • 7 

31.0 

45.0 

30.4 

24.4 

36.6 

: 50.9 

42.1 

35.3 

23.3 

42.5 

29.2 

23.4 

35-1 

5 57  * o 

57.1 

?:Exoept  In  caee  of  bark,  whore  hybrcLyale  w.: 
1 peroent  or  less. 

^Pilot-plant  hydrolyeis  no?  made  oecauoa  ;.f 


discontinued  when 
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concentration  of  reduolag  sugar  being  removed 
sufficient  aaounte  In  the  digester. 
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TABLE  3-2. --Hydrolysis 
acid  and  discontinuing 
5.0  percent. 


of  Douglas-fir  sawmill  wood  waste  using  batch  addition  of  dilute 
the  hydrolysis  when  the  total  hydrolyzate  averages  approximately 


Kind  of 

Hark-free 

EydLrolyel  s 

Sulf urlo 

Reducing 

Solution 

Run 

wood  waste 

VOT.0. 

if  cod 

tins 

r.cldd- 

euf  2T 

concentration 

No. 

eolution 

lb. 

lb. 

Hour  b 

Percent 

Lb. 

Percent 

176 

Hoe  waste , 

455 

2?6 

3.4 

6.6 

6.9 

2,300 

3,200 

R .00 
4.75 

17S 

179 

Bawduet ••*•*••••••••»«•••• 

430 

37? 

3.0 

p . Q 

OO 

6,1 

7.250 

3 305 

4.97 

4.90 

194 

PPO 

3'.o 

362 
3 20 

2.9 

H 

0.9 

2,950 

3,060 

4.32 

221 

127 

?7U 

3 * o 

5.10 

r> 

Hog  waste,—  35  percent; 

3,250 

34:1 

300 

3.0 

7.0 

4.53 

iss 

O 

Hog  waste,—  54  peroer.t; 

450 

4.30 

306 

3.2 

0.5 

3,550 

217 

213 

232 

4oo 

3.0 

3.0 

7-3 

3.200 

4.72 



:::::: :::::: 

409 

. 340 

3,200 

4.73 

; 

Blab-wood  ohlps  and 

399 

3.1 

3.130 

5.10  : 

Yield— 


Reducing 

engar 

Alcohol 

Percent 

Gallons 
per  ton 

47.3 

59.1 

47.0 

58.3 

43.3 

54.9 

44.6 

55-6 

47.0 

58.7 

49.0 

61.0 

45.2 

56.5 

46.7 

53.3 

4^.0 

57-5 

44.3 

55.6 

43.0 

60.0 

—Value#  based  on  bark-free  wood. 

^Hogged  sawmill  waste  oontalning  5°*9  peroent  bark. 

inogg6d  wood  waste  containing  40  percent  ananr.gi.  and  20  percent  sawdust. 


From  Reference  1,  Section  3.5. 


TABLE  3-3. --Continuous  hydrolysis  of  a charge  of  Douglas-fir  wood  waste,  using  continuous 
addition  of  the  dilute  acid  and  continuous  removal  of  the  sugar  solution. 


Wood  waste 

Bark-f  ;pee 

1 

Reducing 

Reducing 

Run 

wood— 

rp  4 

, ir  i 

Solution 

Alcohol 

No. 

Hog  fuel 

Shavings 

concen--^ 

tratlon^ 

yield 

Lb. 

Lb. 

Lb, 

Hours 

I n"oer;i 

T V, 

Percent 

Percent 

Gal. /ton 

of  - 

c O “• 

282 

108 

2V’ 

2 . c 

6.5 

2,  LOO 

4.9^ 

40.7 

70.5 

Cod 

2?2 

1.02 

i_  ' • *4- 

f "7 

O . O 

2,400 

4.67  . 

■73.2 

47.6 

~30 

l?7 

721 

7 . 7 

7-5 

2,700 

4.5b 
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TABLE  3-4  --Hydrolysis  of  Douglas-fir  sawmill  wood  waste,  using  batch  addition  of  first  charge, 
followed  by  continuous  introduction  of  acid  and  continuous  removal  of  sugar  solution. 
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4.0  SURVEY  OF  WOOD  WASTE  RESOURCES 


ABSTRACT 

The  finalized  wood  ethanol  study  described  in  the  attached  report  included 
as  one  of  its  objectives  a systematic  attempt  to  quantify  wood  residues  for 
feedstock  and  document  both  present  and  future  availability  of  such  residues 
within  a prescribed  radius  encompassing  the  Anaconda,  Montana  site. 

The  ethanol  plant  featured  in  the  study  was  a 2.5  million  gallons  per  year 
facility  using  the  modified  Madison  fuel  grade  ethanol  (FOE)  process,  and 
was  estimated  to  consume  approximately  289  +_  4 green  tons  per  day;  this 
green-t.on  feedstock  requirement  is  the  equivalent  of  approximately  168  +_  2 
oven-dry  tons.  For  purposes  of  this  study,  feedstock  was  defined  as  including 
logging  residues  (e.g.,  slash),  mill  wastes  (e.g.,  fine  and  coarse  sawdust), 
and  recycled  cellulose  fiber  (e.g.,  newsprint). 

Documentation  of  availability  of  wood  residue  was  based  primarily  upon  liter- 
ature review  and  contacts  with  forest  specialists  to  produce  descriptions  of 
Douglas  fir  and  lodgepole  pine  forests. 

The  U.S.  Forest  Service  timber  appraisal  method  and  R.  Withycombe's  model 
were  applied  to  the  representative  forest  conditions.  In  both  cases,  a 1981 
price  ceiling  of  $40  per  green  ton  was  assumed;  thus,  the  findings  remained 
economically  competitive  with  other  potential  users  of  forest  and  mill 
residues. 
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The  economi cal ly-acceptabl e hauling  distances  considered  and  established  in 
the  study  ranged  all  the  way  from  zero  to  19.5  miles,  depending  upon  the 
specific  combination  of  model,  harvest,  and  haulage  conditions;  however,  the 
degree  of  uncertainty  underlying  these  findings  was  sufficient  to  justify  an 
extension  of  the  study  bounds  to  encompass  an  enlarged  circle  with  a 25-mile 
radius  extending  from  the  Anaconda  site. 

Past,  present,  and  projected  timber  harvest  acreage  figures  were  combined 
with  the  above  residue  yield  figures  to  provide  estimates  on  residue  production 
within  the  25-mile  radius,  over  the  20  years  of  presumed  ethanol  plant 
operation.  The  total  logging  residue  estimate  based  on  assumptions  as  to 
model,  transportation , etc.,  ranges  from  42,450  to  64,728  green  tons  per  year 
over  the  facility's  lifetime.  However,  competition  between  the  various 
commercial  and  residential  users  for  these  residues  will  be  sufficiently 
great  that  as  little  as  65%  of  annual  production  may  be  available  for  FGE 
consumption;  this  level  of  competition  could  shrink  the  supply  of  residue  to 
a range  of  27,592  to  42,073  green  tons  per  year,  due  to  existing  competition. 

The  inventory  of  available  mill  residue  not  committed  to  other  uses  (e.g., 

particle  board  construction)  appears  optimistically  to  range  from  17,170  to 

25  ,754  green  ton's  per  year  depending  on  assumptions.  These  figures  assume  a 

continuance  of  at  least  1976  levels  of  pulp/paper  production  throughout  the 

plant's  service  life;  yet  mill  waste  production  is  presumed  to  expand  up  to 

1.5  times  the  1976  levels  by  the  year  2010.  The  expected  contributions  from 

recycled  cellulose  fiber  range  from  9,100  to  20,130  green  tons  per  year. 

These  figures  reflect  the  uncertainties  in  cost-effective  collection  and 

centralized  processing  of  large  volumes  of  this  resource,  plus  seasonal 
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variability  in  its  supply  and  potential  market  competition  for  other  uses 
(e.g.,  insulation). 

Based  on  study  results,  the  feedstock  requirements  appear  to  be  3.6  times  the 
levels  originally  envisioned.  Investigation  revealed  that  feedstock  costs 
would  range  from  $1.68  per  green  ton  for  recycled  cellulose  fiber  transported 
within  three  miles  of  the  plant  site  to  $92.20  per  green  ton  for  harvesting, 
on-site  handling,  and  transporting  of  logging  residues.  This  latter  cost  is 
due  largely  to  the  low  volume  per  piece  characteri sties  of  the  residue. 
Thus,  assuming  a $40  ton  ceiling  to  compete  with  other  potential  users,  more 
residue  is  available  than  if  the  FGE  facility  can  afford  to  pay  only  $25  ton 
(in  1980  dollars). 

The  substitution  of  costs  developed  during  the  study  into  the  harvest- 
transport  cost  estimate  models  discussed  herein  shrinks  the  radius  of  eco- 
nomic feasibility  to  a fraction  (0.625;  i.e.,  from  40  to  25  miles)  of  the 
originally  presumed  radius.  Furthermore,  the  apparent  competition  with  the 
private  sector  and  the  residential  use  of  the  residues  is  probably  greater 
than  assumed  earlier.  The  large  pulp  and  particle  board  industries  located 
in  Missoula,  Montana  already  are  making  nearly  complete  use  of  the  mill 
residues  present  within  and  adjacent  to  the  designated  study  area. 

Finally,  the  wood-ethanol  study  did  not  support  the  earlier  belief  that  the 

2.5  million  gallons  per  year  facility  was  feasible.  The  apparent  discrepancy 

between  the  initial  inventory  and  the  subsequent  wood-ethanol  study  has  as 

its  most  likely  explanation  the  different  manner  of  estimating  the  size  of 

the  economically  available  resource  base. 
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4.1  INTRODUCTION  AND  BACKGROUND 


The  wood  ethanol  study  described  herein  was  performed  primarily  to  fully 
investigate  a premise  initially  offered  in  a grant  proposal  submitted  to  the 
Department  of  Natural  Resources  and  Conservation  (DNRC)  under  the  Alternative 
Renewable  Energy  Sources  Program  in  1980.1  The  initial  premise  included  an 
assumption  that  enough  wood  waste  (i.e.,  forest  and  mill  residue)  existed 
within  an  approximate  40-mile  radius  of  Anaconda,  Montana  to  provide  feed- 
stock for  the  2.5  million  gallons  per  year  fuel  grade  ethanol  (FGE)  facility. 
However,  early  in  this  initial  investigation  and  prior  to  developing  detailed 
economic  and  engineering  feasibility  analyses,  the  researchers  realized  the 
need  for  additional  site-specific  studies  regarding  wood  waste  availability. 


4.1.1  Objecti ves 

Primary  objectives  of  the  wood  waste  resource  study  were  to:  1)  define 
the  various  types  of  residue  sources  that  could  serve  as  feedstock  for  motor 
fuel  grade  ethanol  (FGE)  with  use  of  a modified  Madison  process^;  2)  document 
these  residues  as  to  respective  quantities  and  qualities,  location,  and 
physical  availability  for  economical  delivery  to  the  Anaconda  plant  site; 
and  3)  project  over  the  20-year  life  span  of  the  FGE  facility  their  respec- 
tive contributions  to  maintaining  production. 


Preliminary  economic  analyses  were  conducted  to  establish  area  boundaries 
for  the  feasibility  studies.  The  wood  waste  resources  study  was  designed  to 
be  compatible  with  subsequent  economic  feasibility  studies;  this  was  necessary 


O 
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because  competition  with  other  potential  users  could  have  restricted  avail- 
ability of  waste  wood  for  FGE  feedstock  over  the  life  of  the  project. 

4.1.2  Definition  of  Wood  Resources 

The  two  principal  sources  of  wood  fiber  feedstock  for  ethanol  production  are 
those  residues  related  to  timber  harvesting  and  milling. 3, 4 Municipal  dumps, 
landfills,  and  community  recycling  centers  may  provide  wood  fiber  as  feed- 
stock for  the  ethanol  plant. These  resource  categories  are  defined  in 
the  following  paragraphs. 

Forest  residues  of  value  for  feedstock  include  those  resulting  from  forest 
growth  and  management  activities  plus  logging  residues  resulting  from  timber 
harvesting.  The  forest  residues  include  natural  mortality  losses  (e.g.,  due 
to  insect  infestation,  fires,  severe  storms);  unmarketable  trees  culled  from 
within  commercial  forest  stands  (i.e.,  land  capable  of  growing  at  least  20 
ft3/acre  or  producing  at  least  0.3  tons  of  biomass/acre/year);  and  non- 
commercial or  surplus  timber  stands  composed  largely  of  overmature,  standing 
dead  or  diseased  "junk"  timber  in  need  of  environmental  thinning  to  optimize 
the  stand's  timber  productivity  potential. 

Logging  residues  include  the  pole-size  trunks  over  eight  feet  in  length  and 
three  inches  in  diameter  which  can  be  utilized  in  a current  logging  operation; 
however,  this  material  may  not  be  harvested  in  a cost-effective  manner.  All 
of  the  remaining  above-ground  wood  fiber  on  the  site  subsequent  to  timber 
harvest  is  also  classified  as  logging  residue.7  The  latter  category  includes 
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branches  and  foliage,  rejected  portions  of  the  cut  trunks,  and  understory 
vegetation,  which  is  collectively  termed  "slash." 

The  manufacturing  of  lumber,  plywood,  and  wood  pulp  generate  various  kinds 
of  mill  residues  including  the  following: 

Coarse,  chippable,  residues  such  as  wood  slabs,  edges  and  trimmings; 

• Cores  from  plywood  plants  which  in  Montana  usually  are  cut  into 
1 umber;? 

• Fine  residues  composed  of  sawmill  planer  shavings  and  sawdust,  plus 
sawdust  from  veneer  mill  and  panel  trimmings  from  the  layup  mill; 

• Bark  from  lumber  and  plywood  manuf acturi ng;  and 

• Pulping/paper  mills  which  generate  considerable  quantities  of  bark 
from  the  debarking  of  green  pulping  stock. 

Considerable  amounts  of  wood  and  wood  fiber  products  are  discarded  daily  in 
municipal  solid  waste.  Paper  is  a major  component  (by  weight  and  by  volume) 
of  domestic  and  commercial  refuse,  and  possesses  a great  salvage  potential. 
Presently,  newsprint  is  selectively  collected,  graded,  and  baled  at  the  Butte 
and  Anaconda  recycling  centers.  Once  de-inked  via  mechanical  and/or  chemical 
treatment(s),  the  processed  paper  fiber  could  serve  as  a supplemental  feed- 
stock for  ethanol  production.  If  economical,  the  paper  feedstock  may  be 
expanded  to  include  a mixture  of  old  fiber  containers  and  non-waxed  boxboard, 
old  wrapping  paper,  paper  bags,  plus  discarded  books  and  magazines.  Con- 
venient sources  for  such  wastes  include  office  buildings,  large  retail  out- 
lets, warehouses,  and  transportation  terminals.  Wood  waste  produced  by 
local  construction  and  demolition/salvage  activities,  that  has  been  separated 
from  its  tramp-metal,  is  an  additional  source  of  potential  wood  fiber. 
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Cooperation  and  coordination  of  groups  generating  such  wastes  could  result 
in  a relatively  homogeneous,  minimally  contaminated  (e.g.,  by  waxes,  dyes, 
metal)  source  of  secondary  fiber.  Properly  managed,  the  relatively  low  flow 
rate  of  such  materials  may  supplement  reliably  that  acquired  from  forest  and 
mill  activities. 
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4.2  METHODOLOGY  OF  INVENTORY  STUDY 


4.2.1  Methodological  Overview 

The  essential  objective  of  the  wood  residue  inventory  study  was  to  determine 
the  adequacy  of  the  wood  residue  resource  base  in  the  vicinity  of  Anaconda 
to  support  both  ongoing  and  planned  uses,  including  its  potential  for  FGE 
production.  Thus,  intensity  of  competition  for  the  resource  base  and  its 
renewability  potential  were  important  concerns. 

The  study,  conducted  in  three-phases  included:  quantification;  assessment 

of  competition;  and  assessment  of  renewabi 1 ity .4  Initially,  the  total 
existing  resource  base  was  quantified  to  the  extent  possible.  Competition 
for  this  base  was  examined  under  the  two  categories  of:  1)  alternative 

resource  utilization  (e.g.,  timber  salvage  for  wood  chipping/paper  production), 
and  2)  alternative  land  uses  (e.g.,  areas  where  the  timber  is  reserved  or 
harvest  is  deferred  until  some  future  date).  Finally,  the  ability  of  the 
study  area  to  maintain  (or  even  increase)  production  of  the  resource  base 
was  addressed. 

An  estimate  of  average  annual  residue  availability  for  FGE  production  can  be 
determined  through  application  of  the  following  resource  availability  express- 
ion, as  modified  from  Tillman1^: 

Re  = T [ (Rp  + Rs)  - Ry]  - Rm 
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The  term  Rp  represents  those  residues  which  are  available  (apparently)  for 
FGE  production.  The  term  Rp  represents  residues  generated  by  the  primary 
forest  industry,  including  those  produced  by  forest  growth  and  mortality, 
forest  management  practices,  forest  harvest  practices,  and  forest  products 
manufacturing  processes.  R$  represents  residues  generated  by  secondary  wood 
and  wood  fiber  recovery  and  recycling  activities.  Ry  represents  residue  that 
appears  to  be  uneconomic  to  harvest  and  utilize.  R^  represents  residues 
designated  for  other  purposes,  including  pulp  and  paper  production,  particle 
and  composition  board  production,  in-plant  steam/electricity  generation, 
residential  heating,  etc. 

Given  a physically  available  feedstock  supply  within  a defined  study  area, 
more  detailed  economic  feasibility  analyses  can  be  performed.  Such  results 
would  indicate  the  relative  cost-competitiveness  of  residue  use  for  FGE 
production  versus  other  potential  end  uses. 

It  must  be  recognized  that  specific  point  or  confidence  interval  estimates 
of  resource  quantity  are  difficult  to  generate.  Such  a conclusion  is  based 
on  the  following  facts: 

• Rp  reflects  regional  economic  variables  (e.g.,  fluctuating  demand 
for  raw  timber  and  finished  wood  products)  plus  site-specific  forest 
growth  rates  and  changing  growth/silvicultural  management  variables; 

• Rjj  reflects  market  incentives  for  widespread  collection,  concentration, 
and  delivery  to  the  ethanol  facility; 
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• Ry  is  subject  to  varying  environmental  constraints  (e.g.,  steep  terrain 
having  highly  erodible  soils),  ease  of  access  and  harvest/yardi ng/ 
haulage  costs;  and 

* R^  is  correlated  with  those  regional  economic  variables  that  influence 
also  Rp , plus  market  incentives  for  substitution  of  wood  for  more  con- 
ventional fossil  fuels  for  energy  production  and  space  heating. 

Thus,  ultimate  physical  availability  of  the  resource  base  will  vary  over 
time,  being  a function  of  the  selected  geographic  area  and  assumptions  made 
regarding  the  various  terms  in  the  above  expression.  The  ultimate  economic 
availability  will  occur  when  no  higher  market  value  than  that  represented  by 
the  FGE  facility  is  available  for  the  subject  residues. 

The  resource  availability  expression  presented  above  guided  all  information 
gathering  activities.  Necessary  data  were  acquired  through  literature  review 
and  personal  telephone  interviews  plus  correspondence  with  regional  forest 
specialists.  Details  of  methodology  are  discussed  below. 

4.2.2  Establishment  of  Information  Needs 

4. 2. 2.1  Estimation  of  FGE  Feedstock  Requirements 

The  FGE  facility  would  be  designed  to  operate  330  days  per  year,  24  hours 

per  day,  and  would  produce  about  2.5  million  gallons  of  fuel  grade  ethanol 

per  year;  this  activity  will  extend  over  a 20-year  operating  period.  A 

mixture  of  Douglas  fir  bark  and  wood,  when  treated  under  presumed  commercial - 

type  operating  conditions,  may  yield  one  gallon  of  anhydrous  ethanol  for 
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every  41  to  42  dry  pounds  of  feedstock. ^ However,  it  must  be  noted  that 
such  feedstock  requirements  have  been  extrapolated  from  optimal  pilot  plant 
conditions.  For  example,  the  pilot  plant  feedstock  requirements  varied  from 
32  to  35  dry  Ib/gallon  at  the  Forest  Products  Laboratory^  to  31  to  41  lb/ 
gallon  as  cited  in  Hokanson  et  _al_. 2 In  addition,  the  pilot  plant  value  is 
considerably  higher  than  the  27.4  1 b/ gal  1 on  projected  for  the  proposed  wood- 
ethanol  facility  to  be  sited  in  Thompson  Falls,  Montana. ^ 

The  major  commercial  forest  types  present  within  a 50-mile  radius  of  Anaconda, 
Montana  are  proportionately  (by  acreage)  by  descending  order  of  occurrence: 
lodgepole  pine;  Oouglas  fir;  and  ponderosa  pineJ®  However,  to  simplify 
matters,  the  species  harvest  ratio  (on  a species  by  acre  basis)  was  assumed 
to  be  0.45:0.45:0.05  respectively  for  lodgepole  pine,  Oouglas  fir,  and  "other" 
(e.g.,  ponderosa  pine,  western  larch,).  It  was  assumed  further  that  the 
biomass  would  be  allowed  to  dry  somewhat  during  the  30-day  storage  period 
prior  to  use.  Consequently,  the  weight-percent  moisture  contents  were  taken 
to  be  36  and  50  for  Oouglas  fir  bark  and  wood,  respectively;  55  for  lodgepole 
pine  wood;  and  60  for  the  "other"  species. 3 The  weighted  average  for  all 
subject  species  was  thus  computed  to  be  47.1  percent  (w/w)  moisture  content. 
Thus,  a range  of  0 to  12  percent  moisture  in  an  oven  dry  ton  would  translate 
to  1.89  to  1.54  "green"  tons  of  biomass.  Table  4-1  shows  the  range  of  feed- 
stock requirements  that  are  applicable  if  various  combinations  of  assumptions 
hold  true.  It  was  decided  that  feedstock  requirements  were  best  represented 
by  the  average  of  the  two  "moderate"  cases,  i.e.,  approximately  289  +_  4 green 
tons  per  day.  This  figure  is  equivalent  to  yields  of  about  44  dry  1 b/ gal  1 on 
FGE  or  about  76  green  lb/gallon  FGE . Fuel  needed  for  process  steam  generation 

(and  possibly  steam/electric  cogeneration)  must  be  addressed  in  addition  to 
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the  above  FGE  feedstock  requirements . Depending  upon  resource  availability 
and  economic  considerations,  additional  wood  residues  or  subbituminous  coal 
could  serve  these  additional  energy  requi rements . 

4. 2. 2. 2 Demarcation  of  Supply  Area:  Preliminary  Economic  Analysis 

It  was  assumed  initially  that  areas  harvested  for  residues  would  vary  most 
often  from  even-aged  lodgepole  pine  stands  to  uneven-aged  Douglas  fir  (or 
mixed  conifer  species)  stands.  It  was  also  assumed  that  the  species-specific 
characteri sties  discussed  below  are  representati ve  of  medium  to  over-stocked 
commercial  forest  lands. ^ 

For  lodgepole  pine  the  following  assumptions  are  applicable: 

• About  75  percent  of  the  total  acreage  occupied  by  this  species 
(within  a 50-mile  radius  of  Anaconda)  ranges  from  3 to  5 in.  diameter 
at  breast  height  (dbh),  while  the  remainder  averages  8 to  9 in.  dbh; 

• The  number  of  stems  per  acre  varies  from  450  to  800  in  "doghair"  stands 
(i.e.,  dbh  <4  in.)  to  220  to  250  on  commercial  stands  (e.g.,  suitable 
for  post/pole  and  saw  timber  harvest); 

• Production  of  merchantable  biomass  varies  from  7500  to  9500  board 
feet  (bdft)  per  acre  or  2100  to  2400  cubic  ft.  (cf)  per  acre  on  commer- 
cial forest  lands;  and 

• A harvest  volume  defect  of  3 to  5 percent  exists  in  merchantable 

trees  J2 
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For' Douglas  fir  it  was  assumed  that: 

• The  trees  average  9 to  10  in.  dbh; 

• The  number  of  stems  varies  from  100  to  150  per  acre  in  situations 
varying  from  mixed  lodgepole  pine/Douglas  fir  stands  to  second  growth 
Douglas  fir  stands; 

• Production  of  merchantable  biomass  ranges  from  6000  to  7000  bdft  per 

acre  or  1600  to  1900  cf  per  acre  on  commercial  forest  lands;  and 

• A harvested  volume  defect  of  6 to  8 percent  exists.12 

In  regard  to  commercial  timber  harvest  practices,  it  was  assumed  that: 

• Percent  slope  ranges  from  approximately  0 to  40,  but  averages  nearer 
to  15  to  20; 

• Ground  skidding  utilizes  most  often  medium-weight  tracked  or  rubber- 
tired  vehicles; 

• Yarding  distances  vary  from  500  to  nearly  1500  ft,  but  average 

closer  to  800  to  900  ft;  and 

• Forest-wide,  multi-species  scaling  defects  ranging  from  6 to  10 
percent,  but  averaging  8 percent.12 

Following  from  the  first  assumption  (on  slope),  two  additional  assumptions 
were  made: 

• As  mechanical  fallers  are  generally  not  cost-effective  at  slopes 

greater  than  15  percent,  hand  falling  of  timber  will  be  practiced;  and 

• As  flat  landings  of  about  75  x 150  ft  dimensions  are  probably  uncommon 

within  the  potential  harvest  area,  the  chipping  of  residues  will  occur 
most  likely  at  the  FGE  plant  site.12 


4-13 


* 

Table  4-2  presents  the  assumed  volume  of  wood  by  component  in  mature  stands 
of  lodgepole  pine  and  "dry  site"  Douglas  fir  forests.14  Large  volumes  of 
timber  were  harvested  for  domestic  and  industrial  purposes  in  the  Butte- 
Anaconda  area  between  the  late  1870's  and  about  1918. 10  Assuming  an  80- 
to  120-year  rotation  period, ^ not  all  of  the  area's  commercial  timber 
lands  can  be  construed  to  be  necessarily  "mature"  or  "old  growth"  stands. 
Furthermore,  over  the  next  twenty  years,  timber  harvests  will  most  likely 
shift  to  greater  proportions  of  young-growth  stands  with  less  residue  volume 
per  acre.  Assuming  a 50:50  ratio  between  new  growth  and  selectively  cut  old 
growth  (virgin)  stands  in  western  Montana,  the  estimated  logging  residue 
volume  may  be,  "35  to  45  percent  lower  than  an  estimate  based  solely  on  a 
harvest  composed  entirely  of  old  growth. 


Table  4-3  presents  the  average  piece  number  and  volume  per  piece  estimates 
for  commercial  lodgepole  pine  and  Douglas  fir  cover  types.  Standing  dead 
submerchantable  timber  (i.e.,  _<  3 in.  dbh,  7 to  10  ft  lengths)  could  increase 
the  tabulated  estimates  by  100  to  150  per  acre  and  25  to  30  per  acre  for 
lodgepole  pine  and  dry  Douglas  fir  sites,  respectively  (as  extrapolated  from 
Reference  14,  Table  4). 


Table  4-4  presents  the  average  number  of  sound  pieces  of  down  wood  and  average 
volume  (cf)  estimates  per  forest  type.  Table  4-5  presents  estimates  of 
other  logging  residues"  (Section  1.2),  including  down  woody  materi al s ranging 
from  0.25  to  three-inches  dbh,  plus  duff.  Forest  floor  duff  is  composed  of 
a mixture  of  unincorporated  organic  materials  (e.g.,  conifer  needles,  deci- 
duous leaves,  twigs);  its  depth  is  measured  between  the  bottom  of  the  loosely- 
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cast  litter  layer  (01  horizon)  down  to  the  surface  of  mineral  soil.  Inspec- 
tion of  the  data  for  woody  material  loading  per  acre  for  a given  forest 
cover  type  reveals  the  expected  and  considerable  variation  in  biomass.  Such 
variation  is  influenced  by  the  habitat  type(s)  and  yield  capability  of  the 
areas  sampled,  plus  stand  fire  and  timber  harvest  histories.  As  tree  mor- 
tality and  downfall  occurs  at  all  stand  ages,  no  substantive  relationship 
between  downed  biomass  loadings  and  stand  age  is  observed.^  The  depth 
and  quantity  of  duff  varies  somewhat  between  forest  cover  types,  while  intra- 
type variability  is  influenced  mostly  by  the  aspect  (north  or  south)  where 

sampling  occurred. 16 

Table  4-6  indicates  that  4,842  and  2,562  cf  per  acre  of  feasibly  harvestable 
biomass  exist  for  the  lodgepole  pine  and  Douglas  fir  cover  types,  respectively. 
These  quantities  assume  clearcutting  practices  to  close  utilization  standards. 
Close  utilization  of  the  woody  biomass  will  gather  at  least  the  amount  of 
material  per  acre  that  would  be  available  if  the  area  was  cut  according  to 
conventional  utilization  practices.^  The  lower  bound  would  occur  in  commer- 
cial thinning  units  composed  of  a young,  mixed-conifer  stand,  where  biomass 
production  would  be  approximately  20  percent  (on  a cf  per  acre  basis)  of 
that  expected  if  it  were  clear  cut  to  conventional  utilization  standards 
(Reference  17,  pp.  5,  11).  For  purposes  of  this  study,  clearcutting  to 
close  utilization  standards  was  chosen  as  it  optimizes  harvest  efficiency 
and  cost-effectiveness;  the  matter  of  cost-effectiveness  is  discussed  below. 

The  above  harvestable  biomass  values  assume  that  a sufficient  amount  per  acre 
of  woody  residues  will  be  left  upon  the  site  to  accomplish  the  following: 
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• Not  interfere  adversely  with  ectomycorrhizal/nutrient  cycling  activity 
(Reference  16,  p.  9); 

• Not  disrupt  future  timber  productivity;^  anc| 

•Minimize  adverse  environmental  damage  (e.g.,  sedimentation,  soil 
profile  disruptions)  overall.^ 

The  retrieval  of  cull  materials,  tops,  submerchantable  trees,  and  a portion 
of  the  standing  dead  trees  and  down  trees  using  conventional  harvest  practices 
is  most  cost-effective  when  done  concurrently  with  saw  timber  logging  opera- 
tions. Additional  wood  fiber  may  also  be  gathered  at  this  time  (e.g.,  slash 
from  old  logging  sites  and  dead  material  on  sites  not  immediately  scheduled 
for  logging).  However,  under  economic  constraints,  the  "cost  of  this  addi- 
tional material  could  not  be  any  less  than  logging  residue  and  its  value  per 
unit  ( i . e . , per  cubic  foot)  would  not  be  any  greater,"  (Reference  20,  p.  6). 
Generally  these  other  sources  either  have  higher  costs  or  lower  usage  poten- 
tial than  logging  residues  or  have  ready  markets  (such  as  posts);  thus, 
their  inclusion  in  the  potential  feedstock  resource  would  not  improve  the 
profit  potential  (Reference  20,  p.  11).  It  becomes  apparent  that  costs  will 
be  minimized  and  biomass  harvest  rates  and  volumes  maximized  by  conducting 
wood  resource  gathering  in  conjunction  with  commerical  timber  sales  and 
harvesting  operations. 

These  conservative  viewpoints  could  be  modified  favorably  if  federal  and 
state  subsidies,  such  as  the  following,  were  in  effect: 

• Increasing  the  level  of  hard  money  appropriations  for  (timber  access) 
road  construction,  then  prorating  such  investments  over  the  various 
timber  sales  subsequently  occurring  in  the  given  area; 
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• Offering  energy  credits  on  taxes  paid  by  lumber  or  mineral  development 
companies  for  upgrading  the  quality  of  the  road  system(s)  under  their 
control;  this  may  open  up  areas  of  otherwise  unsuitable  or  marginal 
timber;  and 

• Increasing  the  incentives  for  the  yarding  of  unmerchantable  materials, 
if  possible. 

The  economic  and  political  climate  required  to  implement  these  incentives  is 
uncertain;  thus,  such  advantages  cannot  be  depended  upon  to  cause  significant 

increase  in  the  wood  fiber  resource  base.  Again,  the  reliance  on  clearly 

profitable  instances  of  timber  harvest  is  the  safest  policy,  particularly  as 
the  study  area's  national  forest  system  comes  under  increasingly  more  regu- 
lated management. 21 

The  timber  and  residue  handling  assumptions  utilized  in  the  study  cost  esti- 
mations were  as  follows: 

• For  lodgepole  pine,  timber  is  cut  into  16  ft  sections  and  has  an 

average  net  (merchantable)  volume  of  3.8  cf  (Table  4-3); 

• Utilizable  logging  residues  range  from  eight  to  30  ft  (16.8  ft 

average)  in  length  and  possess  an  average  gross  volume  of  3.85  cf 
(Table  4-4  and  Reference  11,  Table  2); 

• For  Douglas  fir,  timber  is  cut  into  16  ft  sections  and  has  a merchant- 
able, average,  volume  of  5.1  cf  (Table  4-3); 

• Utilizable  residues  average  19.4  ft  in  length  and  possess  an  average 
gross  volume  of  6.1  cf,  (Table  4-4,  Reference  15,  Table  2); 
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• On-highway  log  trucks  having  a maximum  haulage  capacity  of  1040  cf 
and  load  limit  of  52,000  lb  are  utilized  to  haul  the  timber/wood 
fiber;  while, 

• Capacity  is  reduced  to  30,000  lb  for  pieces  smaller  than  10  cf  due 
to  "the  difficulty  of  loading  many  small  pieces  on  a truck"  (Reference 
13,  p.  A-6). 

In  order  to  evaluate  potential  road  quality  between  any  given  timber  harvest 
area  and  the  FGE  facility  site,  pertinent  1 : 250 ,000-scale  AMS  quandrangle 
sheets22  were  compared  against  county-wide  land  use  maps  which  depicted 
commercial  forest  lands;  these  latter  maps  were  prepared  by  the  Montana 
Department  of  Community  Affairs.22  From  this  inspection,  it  was  concluded 
that  the  following  road  grade  ratio  was  not  unreasonable: 

• Highways  with  excellent  alignment  and  a slope  range  of  + 6 percent, 
0.33; 

• Double-lane  roads  having  a mixture  of  paved  and  graveled  surfaces 
and  a slope  range  of  + 8 percent,  0.25; 

• Single-lane  graveled  road  with  ditch,  fair  to  poor  alignment  and  a 
slope  range  of  _+  8 percent,  0.30;  and 

Single-lane  dirt  road  without  ditch,  fair  alignment  and  a slope 
range  of  _+  8 percent,  0.12. 

4. 2. 2. 3 Estimating  Radius  of  Economic  Feasibility 

The  first  example  for  estimating  the  radius  of  economic  feasibility  utilized 
the  USDA  Northern  Rocky  Mountain  Zone  average  timber  appraisal  costs,  as 

adjusted  for  the  presumed  variability  in  harvest  site  conditions.24 
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results  indicate  a felling/limbing  cost  of  $40.84  per  thousand  board  feet 
(MBF),  regardless  of  tree  species  harvested.  Furthermore,  the  skidding  cost 
was  calculated  to  be  $44.99  per  MBF.  The  mechanics  of  these  calculations 
are  summarized  in  Table  4-7.  As  discussed  above,  the  costs  of  processing 
logging  residues  would  be  at  least  as  expensive  as  those  incurred  for  saw 
timber  operations.  The  two  above  estimates  probably  represent  the  upper 
bound  of  credibility  for  saw  timber,  and  may  be  applicable  to  logging  resi- 
dues. The  zone  average-derived  appraisal  costs  (for  saw  timber  and  poles) 
tend  to  be  greater  than  costs  actually  observed  within  the  study  areaJ2 
Bata  pertaining  to  cost  estimations  for  loading/unloading  and  transportation 
of  saw  timber  are  given  in  Table  4-8;  this  information  was  combined  with 
data  from  the  previous  table  to  estimate  an  overall  radius  of  economic  feasi- 
blity.  Table  4-9  presents  in  detail  the  means  of  deriving  an  estimated 
one-way  haulage  distance  (radius)  of  4.4  miles. 

The  above  haulage  radius  of  4.4  miles  appeared  to  be  surprisingly  low;  thus 
the  calculation  of  economic  radius  was  repeated.  For  this  second  example, 
the  following  modifications  were  added: 

• Felling/limbing  and  skidding  costs  were  reduced  25  percent  (an  arbi- 
trary, optimistic  estimate  following  from  conversations  with  USFS 
personnel ) . ^ 

• Loading/unloading  times  were  reduced  15  percent  (probably  optimistic, 
as  residues  are  more  difficult  to  handle  than  saw  timber  due  to  the 
former's  greater  heterogeneiety  in  form  and  volume  characteristics) ; 

• The  average  haul  tonnage  of  residues  was  increased  182  percent  to 
27.5  green  tons  per  load;?5 
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• The  paved:unpaved  road  ratio  was  optimistically  increased  to  0.75:0.25, 
thus  reducing  the  cost  per  mile  factor  to  about  $0.72  per  mile;  and 
The  road  quality  was  upgraded  to  allow  a 150  percent  increase  in 
average  speed  to  17.2  mph  (also  extrapolated  from  past  conversations 
with  USFS  personnel  )J2 

These  changes  implemented  in  the  second  example  increased  the  previously 
calculated  radius  of  4.4  miles  to  19.5  miles,  as  shown  in  Table  4-10.  The 
averaging  of  the  two  extreme  estimates  results  in  a "moderate"  value  of  12.0 
miles.  For  simplicity's  sake,  it  was  concluded  that  all  errors  made  in  the 
above  assumptions  are  sufficiently  compensating  that  this  12.0-miles  radius 
is  a credible  estimate  when  using  the  Forest  Manual  as  a cost-estimate  model. 

The  R.  Withycombe  cost  appraisal  model  was  utilized  in  the  second  example 
for  estimating  the  radius  of  economic  feasibility.^  Information  necessary 
for  the  use  of  this  model  is  summarized  in  Table  4-11.  The  calculated  radius 
for  the  various  possible  cost  and  resource  use  scenarios  are  summarized  in 
Table  4-12.  Inspection  of  the  results  indicates  that  only  Douglas  fir  can  be 
utilized  economically,  but  only  when  the  saw  timber/wood  fiber  sources  are 
situated  within  a few  miles  radius  of  the  FGE  site.  If  the  estimates  of  the 
second  example  above  are  in  error  by  50  percent  (Ref.  13),  the  upper  bounds 
of  feasibility  would  approach  6 miles  radius.  This  conclusion  assumes  break- 
even economics  for  both  logger  and  plant  operator  (i.e.,  no  profit-taking), 
plus  no  external  subsidizing  of  incurred  costs.  Overall,  the  radius  of 
economic  feasibility  determination  is  very  sensitive  to  assumptions  pertain- 
ing to  timber  and  wood  fiber  harvesting,  transport,  and  in-plant  processing 
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costs.  Apparently,  the  economical  range  varies  from  zero  to  19.5  miles 
(radius)  and  tends  towards  a moderate  figure  of  about  7 miles.  Therefore, 
it  was  concluded  that  a 25-miles  radius  should  encompass  the  utilizable 
resource  base.  However,  site-specific  harvest  conditions,  market  conditions, 
etc.,  could  reduce  this  boundary  radius  to  less  than  one-half  of  this  esti- 
mate. 


The  major  topographic  and  cultural  features  present  within  the  25-mile  radius 
plant  operating  area  are  shown  in  Figure  4-1. 


C 
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4.3  RESULTS 


4.3.1  Primary  Forest  Industry 

4. 3. 1.1  Commercial  Forest  Lands  Inventory 

The  Deer  Lodge  National  Forest  contains  approximately  687,649  acres  of  non- 
reserved  commercial  forest  lands  (CFL)  within  the  standard,  special  and  mar- 
ginal series  of  the  timberland  use  scheme  presently  utilized. 26, 27  j^e 
Beaverhead  National  Forest's  Wise  River  and  Wisdom  Ranger  Districts  contain 
similarly  107,443  and  206,323  acres,  respecti vely .28 ,29  /\n  estimated  11,295 

acres  of  regulated  lands  belonging  to  the  Helena  Panger  District  of  the 
Helena  National  Forest  are  located  either,  within  or  adjacent  to  the  general 
study  area.30  The  study  area  also  straddles  the  U.S.  Department  of  Interior, 
Bureau  of  Land  Management's  Dillon,  and  Missoula  Sustained  Yield  (timber 
management)  Units.  These  units  contain  about  171,733  and  100,000  acres  of 
commercial  forest  lands,  respecti vely .3^ >°2 

About  2,800  acres  of  "miscellaneous  federal"  commercial  forest  lands  are 
present  within  Beaverhead  County.33  Such  lands  are  administered  by  agencies 
other  than  the  Bureau  of  Land  Management,  National  Forest  Service,  and  USDI 
Bureau  of  Indian  Affairs.  The  proportionate  ownership  of  non-federal  commer- 
cial forest  lands  present  within  the  designated  five  county  study  area  is 
given  in  Table  4-13.  Inspection  of  BLM  surface  ownership  maps  indicates  the 
following  predominance  pattern  of  commercial  forest  land  ownership  in  order 
of  decreasing  magnitude:  Deer  Lodge  National  Forest;  Beaverhead  National 

Forest;  private  non-industrial;  Bureau  of  Land  Management;  Montana  State 

Lands;  and  private  industrial  (e.g.,  Burlington  Northern)  lands. 34 
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It  must  be  recognized  that  the  estimated  2,071,293  acres  of  commercial  forest 
lands  (CFL)  available  in  central  and  western  Montana  for  supplying  the  FGE's 
feedstock  requirements  is  an  optimistic  figure.  This  average  may  be  somewhat 
less  when  the  following  constraints  are  considered: 

• The  geographic  area  represented  in  the  above  estimate  is  about  6.5 
times  the  size  of  those  lands  where  wood  residue  recovery  appears  to 
be  economically  feasible  (Section  4. 2. 2. 3;  Reference  10,  p.  12); 

• Maintenance  of  timber  harvest  at  1980  levels  through  this  decade  on 
USDA  Northern  Region  Forest  Service  lands  will  require  at  least  a 
three-fold  increase  in  direct  Federal  access  investments  (Reference 
35,  p.  47);  furthermore,  the  acreage  figure  for  the  Deer  Lodge  National 
Forest  may  shrink  to  as  low  as  520,000  acres--if  a 1 ow-to-moderate 
level  of  investment  is  allocated  for  timber  management;3® 

• Montana  state  agency  ownership  patterns  vary  from  one  county  to 
another;  subsequently,  the  rate  of  timber  harvest  will  also  vary  in 
response  to  various  combinations  of  natural  resource  management  ob- 
jectives--it  cannot  be  assumed  that  all  99,000  acres  of  Montana  State 
lands  will  be  available  for  harvest  over  the  next  20  or  so  years; 

• A high  probability  exists  that  only  a "modest  portion"  of  the  private 
non-industrial  lands  will  be  available  for  timber  harvest,  relative 
to  that  arising  potentially  from  private  industrial  or  publically 
owned  lands;33  and 

• Only  10  to  15  percent  of  the  Deer  Lodge  National  Forest's  commercial 
forest  lands  (CFLs)  will  be  accessed  every  10  years,  as  required  under 
current  multiple-use,  sustained  yield  timber  management  policies.3® 
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Therefore,  it  is  evident  that  a 6.5-fold  reduction  in  the  CFL  base  would 
result  in  318,660  acres  being  available  to  supply  the  FGE  facility's  wood 
fiber  requirements.  This  downward  revision  in  CFL  areal  extent  probably 
represents  a realistic  upper  bound  to  the  resource  base.  The  rationale  for 
this  assessment  is  given  below.  Inspection  of  the  Montana  Department  of 
Community  Affairs'  (DCA)  (1977)  land  use  maps  for  Deer  Lodge,  Granite,  Powell, 
and  Silver  Bow  Counties  indicates  a CFL  estimate  of  174,720  acres.  Correla- 
tion of  the  DCA  land  use  maps  with  the  RLM  surface  ownership  maps  plus  the 
Deer  Lodge  National  Forest  (1976)  planning  unit  map  indicates  that  an  addi- 
tional 26,266  acres  of  CFL  probably  exist  within  Beaverhead  and  Jefferson 
Counties'  areal  contribution  to  the  study  area.  Inspection  of  the  Deer  Lodge 
National  Forest  planning  map  indicates  that  approximately  353,280  acres  of 
USFS  lands  exist  within  the  study  area.  However,  if  Forest  averages  for  total 
forest  cover  and  commercial  forest  lands  are  utilized  (i.e.,  76.3  percent 
and  74.7  percent,  respectively),  then  the  CFL  estimate  shrinks  to  201,370 
acres. 

Inspection  of  a Bureau  of  Land  Management  document  indicates  a CFL  resource 
base  of  about  3,400  acres  in  the  vicinity  of  Wise  River,  Montana. 39  a 
maximum  of  5,098.5  acres  of  PLM  lands  exist  within  the  Flint  Creek  drainage 
of  the  Phi  1 i psburg  Planning  Unit.40  However,  only  about  1 ,600  acres  of 
this  unit  are  present  within  the  study  area;  thus,  the  Phi  1 i psburg  Planning 
Unit  figure  could  be  halved  to  make  a more  reasonable  estimate  of  its  contri- 
bution of  CFL  acreage. 
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A correlation  of  DCA  land  use  and  BLM  surface  ownership  maps  concluded  that: 
1)  Montana  State  contribution  to  the  CFL  base  appears  to  be  about  39,853 
acres,  while  2)  private  industrial  forest  acreage  is  approximately  2,620 
acres. 

Finally,  although  county  land  ownership  maps  were  not  correlated  to  the  DCA 
land  use  maps,  the  comparison  of  land  use  maps  against  BLM  surface  ownership 
maps  indicates  that  non-industrial  private  CFL  tracts  total  considerably  less 
than  71,200  acres  (derived  by  dividing  462,300  by  6.5).  An  estimate  below 
the  71,200  acre  figure  was  used  because  much  of  the  private  non-industrial 
lands  are  situated  in  the  lower-slope  foothills  where  moisture  availability 
limits  both  tree  growth  and  response  to  thinning;  however,  this  is  not  to 
say  that  timber  stand  improvement  via  precommercial  or  commercial  thinning 

will  be  unsuccessful.  Although  these  lands  contain  large  amounts  of  small 
diameter  roundwood  (for  posts,  poles,  and  pulp),  development  opportunities 
are  marginal  due  to  access  problems,  market  distances,  and  high  freight 
rates. ^ Also  it  appears  that  the  balance  between  acres-cut-over  and  areas 
being  restocked  to  timber,  "is  being  rapidly  upset"  in  Granite  County42 

where  much  of  the  "private  land  has  been  logged  to  the  extent  that  it  will 
be  several  decades  before  another  crop  can  be  harvested.  Some  of  the  timber- 
land  has  been  logged  with  the  intent  to  convert  it  to  grazing  land,"  (Reference 
43,  p.  138).  In  summary,  the  above  resource  analysis  suggests  a realistic 
estimate  of  CFL  availability  (within  the  25-mile  radius  of  the  Anaconda  study 

area)  to  range  from  an  upper  bound  of  318,660  acres  to  a lower  bound  of 

200,986  acres. 
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The  recent  trend  of  timber  resource  utilization  was  investigated  via  acqui- 
sition of  harvest  data  from  local  federal  and  state  forestry  offices.  The 
results,  expressed  in  terms  of  thousands  of  board  feet  (MBF)  are  shown  in 
Table  4-14.  A derivative  tabulation  of  estimated  acreage  utilized  and  esti- 
mated percentage  of  the  total  acreage  available  is  presented  in  Table  4-15. 
The  data  in  this  latter  table  imply  that  approximately  13,977  acres  per  year 
of  commercial  forest  lands  are  at  least  committed  to  timber  harvest.  This 
estimate  is  equivalent  to  an  annual  access  rate  of  0.85  percent  of  the  CFL 
resource  base.  Factors  that  could  modify  the  immediate  usefulness  of  these 
values  include: 

• The  influence  of  short-term  market  demand  on  rate  of  harvest--acres 
of  timber  sold  is  not  necessarily  equal  to  acres  of  timber  cut; 

• Actual  timber  volume  varies  from  2000  to  over  10,000  bd  ft  per  acre, 
depending  upon  stand  (species)  composition  and  site  quality;  plus 

• It  was  assumed  that  conventional  clear-cutting  occurred  on  each 
hypothetical  7500  bd.  ft  per  acre  tract. 

Thus,  prior  to  calculating  a logging  residue  per  year  estimate  for  the  25- 
mile  radius  study  area,  two  concerns  were  addressed:  1)  the  representati veness 
of  the  above  trend  (i.e.,  timber  resource  utilization),  as  viewed  from  broader 
historic  and  future  timber  harvest  perspectives;  and  2)  the  influence  of 
species  composition  on  applied  silvicultural/timber  harvest  practices. 

A literature  review  indicates  that  a general  decline  in  annual  roundwood 

harvest  occurred  over  the  period  1969  to  1976.  The  low  point  was  reached  in 

about  1975  when  the  proportionate  harvest  was  about  50:50,  public  versus 

private  lands  (see  Reference  48,  Figure  2,  p.  13,).  Throughout  this  period, 
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the  relative  contribution  from  federal  lands  has  been  decreasing  more  or  less 
annually;  these  circumstances  have  probably  been  influenced  by  CFLs  deferred 
from  harvest  for  either  NEPA-  or  RARE  I/II-related  reasons. ^ At  the  same 
time,  the  roundwood  contributions  from  private  lands  have  been  increasing 
proportionately.  This  national  forest  land  vs.  private  land  shift  in  harvest 
contributions  appears  to  be  evident  within  the  general  study  area,  as  shown 
in  Table  4-16.  Inspection  of  the  data  implies  that  a cross-over  in  relative 
contributions  may  have  occurred  as  early  at  1973.  However,  the  data  presented 
in  jahle  4-17  indicates  that  regional  l).S.  Forest  Service  contributions  to 
the  overall  timber  harvest  base  may  increase  considerably--rel ati ve  to  the 
1975  to  1976  figures,  respectively.  If  the  rates  of  timber  harvest  on  other 
public  lands  and  non-industrial  private  lands  are  maintained  at  present 
levels,  while  harvesting  on  private  industrial  lands  declines  by  up  to  40 
percent  over  the  next  25  to  30  years  (see  Figure  III-13,  p.  45,  Reference 
35),  then  by  the  year  2010  the  overall  rate  of  timber  harvest  may  still 
increase  1.25  to  1.50  times  over  the  1975  to  1976  values.  Thus,  the  esti- 
mated rate  of  annual  access  to  CFLs  within  the  presumed  maximum  resource 
supply  area  varies  from  13,977  acres  (Table  4-15)  to  1.5  times  this  value; 
that  is,  20,966  acres  by  the  year  2010. 

The  values  discussed  assume  clearcutting  that  yields  an  average  of  7,500  bd. 
ft  of  merchantable  timber  per  acre;  thus  the  estimates  must  be  adjusted  for 
forest  (species)  composition  and  stand  characteristics  (e.g.,  age)  plus 
subsequent  timber  harvest  practices.  The  relative  proportion  of  Douglas  fir 
habitat  types,  lodgepole  pine  community  types,  and  subalpine  fir  habitat 
types  for  non-reserved  CFLs  on  the  Deer  Lodge  National  Forest  is  shown  in 
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Table  4-18.  The  respective  ratio  of  0.432:0.551:0.017  indicates  that  lodge- 
pole  p.ine  actually  is  more  abundant  (on  an  areal  basis)  than  indicated  by 
the  0.45:0.45:0.05  ratio  gleaned  from  the  Headwaters  RC  and  D documentJO 

For  purposes  of  the  study  in  regards  to  choosing  appropriate  timber  harvest 
methods,  the  following  assumptions  were  made: 

• Timber  management  will  tend  toward  creating  and  maintaining  an  even- 
aged  stand  structure;  control  of  competing  vegetation  will  be  included 
in  all  cutting  plans; 

• Subsequently  "high  elevation"  subalpine  fir  habitat  types  will  undergo 
shelter  wood  cutting;  "low  elevation"  Douglas  fir  sites  will  also  be 
shelter  wood  cut  on  slopes  greater  than  30  percent  when  occurring  on 
south  and  west  aspects,  while  clearcutting  or  seed  tree  cutting  will 
occur  on  slopes  less  than  30  percent;  Douglas  fir/grass  (warm)  sites 
on  south  and  west  aspects  plus  Douglas  fi r/subal pine  fir/grass  (cool) 
sites  will  be  shelter  wood  cut;  50  percent  of  all  lodgepole  pine  sites 
are  suitable  for  clearcutting,  while  the  remainder  will  be  precommer- 
cial ly  or  commercially  thinned; 

• Clearcut  size  (initial  openings)  will  range  from  0 to  40  acres  for 
approximately  75  percent  of  all  cases,  and  will  be  less  than  80  acres 
in  about  90  percent  of  the  cuts;  however,  shelter  wood  or  clear 
cutting  in  response  to  natural  events  such  as  gale-force  winds,  fire, 
disease,  etc.,  may  often  exceed  80  acres  in  size; 

• The  dispersal  of  clear  cuts  will  be  varied  geographically,  thus, 
mimicking  the  natural  pattern  of  major  forest  disturbances  (e.g., 
insect/disease  infestations,  windthrow  and  fire);  and 
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• The  recommended  changes  in  management  intensity  and  utilization  stan- 
dards for  live  saw  timber  stands  will  be  appl ied--thus  reducing  slash 
volume,  standing  and  down  residues,  plus  harvesting  small  stems  if 
they  can  be  converted  efficiently  into  a useable  product. 53 


Using  Pfister  et  al  .52  plus  Rrown  and  See^  for  guidance,  the  habitat  type 
and  community  type  groupings  (from  Table  4-18)  were  arranged  in  terms  of  the 
above  timber  harvest  categories.  Assuming  that  the  proportions  of  these 
categories  are  applicable  throughout  the  25-mile  radius  area  surrounding 
Anaconda  (regardless  of  land  ownership),  and  that  CFL  slopes  are  generally 
less  than  30  percent,  then  acreages  subject  to  shelter  wood/partial  cuttings 
vs.  clearcutting  can  be  estimated.  The  above  information  and  calculated 
results  are  presented  in  Table  4-19.  Table  4-6  indicated  that  approximately 
2,592  and  812  cubic  feet  per  acre  of  forest  residues  exists  for  mature  stands 
of  lodgepole  pine  and  Douglas  fir  cover  types,  respectively.  These  values 
are  equivalent  to  33.0  and  12.2  green  tons  per  acre,  respectively  (Table 
4-4). 


€ 

C 


Inspection  of  Figures  10  and  11  in  Brown  and  See  (Reference  16,  p.  14)  indi- 
cates that  subalpine  fir  type  residue  levels  vary  from  18  to  20  tons  per  acre 
in  western  Montana.  The  data  in  Table  4-19  was  utilized  to  estimate  the 
production  of  logging  residues  within  the  25-mile  radius  study  area.  As 
shown  in  Table  4-20,  the  estimate  varies  from  42,450  to  64,728  green  tons  per 
year  over  the  lifetime  of  the  FGE  facility.  These  values  represent  approxi- 
mately 44.5  to  67.8  percent  of  the  calculated  annual  FGE  feedstock  require- 
ments (Section  4. 2.2.1 ). 
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4. 3. 1.2  Mill  Residue  Inventory 


The  two  objectives  of  this  facet  of  the  study  were:  1)  to  estimate  the  quan- 

tities of  coarse  and  fine  mill  residues  (plus  bark)  produced  per  year  by  the 
pertinent  sawmill,  plus  post  and  pole  operations;  then  2)  estimate  the  por- 
tion of  this  residue  that  is  apparently  available  for  use  by  the  FGE  facility. 

A statewide  directory  of  forest  product  industries  was  utilized  to  identify 
and  interview  a number  of  regional  sawmill  operators  plus  post  and  pole 
processors55.  The  results  are  summarized  in  Table  4-21.  It  should  be  noted 
that  several  other  firms  not  listed  in  the  table  have  gone  out  of  business; 
e.g.,  H.  and  R.  Lumber  Co.,  Dillon  and  Lee  Page,  Jr.,  Philipsburg.  A number 
of  other  firms  listed  in  the  directory  could  not  be  reached  despite  repeated 
attempts;  it  is  not  unreasonable  to  presume  that  some  of  these  operations 
have  ceased  since  the  1978  publication  of  the  directory.  The  data  in  this 
table  appear  to  verify  the  two  earlier  judgements:  1)  because  most  of  the 

25-mile  radius  study  area  is  situated  along  the  fringe  of  the  major  timber 
production  area  (e.g.,  relative  to  timber  levels  of  northwestern  Montana) 
the  majority  of  the  mills  are  widely  scattered,  small  volume,  one  to  three 
person  operations  that  process  timber  at  levels  allowed  by  current  market 
conditions5^;  and  2)  Champion  International  plus  Louisiana  Pacific  probably 
utilize  90-plus  percent  of  all  such  residues  withjn  a 150-  to  200-mile  radius 
of  Missoula. 5^ 

A more  comprehensive  estimate  of  area-wide  mill  waste  production  is  presented 

in  Table  4-22.  Prior  to  estimating  mill  production  within  the  specific 

Anaconda  study  area,  it  must  be  recognized  that  the  tabulated  data  include 
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many  mill  sources  situated  some  distance  outside  of  the  economically  feasible 
haulage  radius  of  25  miles  or  less.  It  is  not  unreasonable  to  assume  that 
no  more  than  20-percent  of  the  Table  4-22  grand  totals  arise  from  the  desig- 
nated 25-mile  radius  study  area.  The  rationale  for  this  statement  is  derived 
from  inspection  of  the  saw  timber  origin  and  movement  data  presented  in 
Keegan  (Ref.  48,  Table  26,  p.  23).  It  also  represents  the  resource  status 
prior  to  expansion  of  the  Packaging  Division  of  Champion  International's 
Frenchtown  operations.  The  expanded  pulp  mill  operations,  "will  leave  the 
state  of  Montana  with  a demand  for  mill  residue  that  is  considerably  in 
excess  of  the  supply  generated  annually  in  the  state,  assuming  a 1976  level 
of  production,"  (Ref.  7,  p.  13).  Furthermore,  it  appears  unlikely,  "that 
supplies  from  Idaho  and  Wyoming  could  do  more  than  augment  residue  supplies 
to  existing  mills,"  (Ref.  7,  p.  13). 

It  was  assumed  optimistically  that  1976  levels  of  uncommitted  mill  residues 
represent  the  minimum  tonnage  available  into  the  future;  it  was  assumed 
further  that  production  rates  may  increase  to  1.5-times  these  levels  by  the 
year  2010  (see  Section  4. 3. 1.1).  Thus,  residue  quantities  will  range  from 
17,170  green  tons  per  year  initially  to  25,754  green  tons  per  year  (by  2010) 
within  the  25-mile  radius  study  area.  These  levels  presume  50  percent  by 
weight  (w/w)  moisture  content  in  the  green  feedstock.  These  values  represent 
approximately  18.0  and  27.0  percent,  respectively,  of  the  estimated  annual 
FGE  feedstock  requirements. 


4.3.2  Municipal  Wood  Fiber  Recovery  and  Recycling  Contributions 


4. 3. 2.1  Combustible  Waste  Inventory 

In  1980,  an  estimated  47,377  tons  per  year  of  processable  waste  was  produced 
within  the  25-mile  radius  study  area. 59  this  total  of  useable  waste,  "does 
not  include  non-processabl e wastes  such  as  earth  and  fill  material,  bulky 
materials,  and  construction-demolition  debris,"  (Ref.  60,  p.  3).  If  the 
percentage-by-wei ght  of  these  wastes  that  is  combustible  is  assumed  to  be 
equivalent  of  that  weight  which  is  fermentable,  then  77  percent  of  the 
total  waste  (36,480  tons)  should  be  acceptable  FOE  feedstock  material  (Ref. 
60,  p.  3).  The  quantity  of  wastes  could  rise  to  49,613  tons  per  year  by 
1990,  assuming  that:  1)  waste  generation  rates  are  (will  remain)  directly 
proportional  to  population  growth  projections;  and  2)  that  the  specific 
Anaconda  study  area  is  representative  of  the  larger  twelve-county  waste 
management  area  (Ref.  59,  p.  14). 

Estimated  delivery  costs  incurred  for  haulage  of  waste  from  local  landfills 
located  throughout  the  area  to  the  FGE  facility  will  apparently  range  from 
$1.68  per  ton  to  $23.60  per  ton,  as  shown  in  Table  4-23.  These  cost  estimates 
assume:  1)  that  solid  waste  delivery  to  the  landfill  is  paid  for  via  routine 
waste  collection  fees  or  taxes;  2)  that  costs  for  separating  the  fermentable 
wastes  (from  the  total  bulk)  is  essentially  zero  (i.e.,  a successful  public 
education  program  is  in  place  that  encourages  such  waste  segregation  at  the 
various  primary  collection  points);  and  3)  that  handling  costs  at  the  FGE 
site  can  be  set  at  zero  dollars,  or  at  least  be  minimized  by  prorating  the 
overall  feedstock  handling  costs. 
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Although  the  above  assumptions  are  optimistic,  the  total  estimated  costs  are 
still  below  the  $40.00  per  green  ton  ceiling  that  can  be  paid  for  logging 
residues  (see  Table  4-9).  Thus  if  total  solid  waste  processing  costs  can  be 
held  below  this  $40.00  limit  (per  ton),  then  these  materials  should  be  in- 
cluded as  a viable  source  of  FGE  feedstock.  The  three  landfills  at  Butte, 
Deer  Lodge,  and  Anaconda  will  accumulate  wastes  generated  from  Sheridan, 
Whitehall,  and  Wisdom,  and  the  estimated  1981  yield  of  combustible  materials 
will  increase  to  38,558  tons  per  year.  Thus,  as  population  increases  etc., 
the  quantities  could  rise  to  52,438  tons  per  year  by  1990.  Furthermore,  if 
all  of  these  wastes  are  sent  to  the  FGF  facility,  they  would  provide  at 
least  40.4  to  55.0  percent  of  the  annual  feedstock  requirements. 

The  above  stated  estimates  are  conservative;  the  percent-by-weight  ferment- 
able cellulose  content  in  the  paper  products  is  considerably  higher  than 
that  found  in  the  as-received  logging  or  mill  residues.  However,  the  above 
resource  evaluation  should  not  be  viewed  as  sufficient  reason  to  shift  the 
feedstock  design  of  the  FGE  facility  away  from  logging/mill  residues  towards 
municipal  solid  wastes.  A more  recent  solid  waste  study  indicates  that 
Group  III  solid  wastes  (i.e.,  basically  all  inert  materials  and  used  wastes) 
are,  "usually  bulky  in  nature  and  cannot  be  collected  and  transported  with 
solid  waste  collection  equipment  or  procedures.  Thus,  when  evaluating  cer- 
tain solid  waste  collection  and  handling  alternatives  for  the  wastes  generated 
in  an  area,  special  precautions  and  arrangements  must  be  made  to  dispose  of 
these  type  materials,"  (Ref.  61,  p.  3.22).  The  Group  III  wastes  generated 
in  Deer  Lodge,  Powell,  and  Granite  Counties  during  1979  totalled  2,935  tons 
(Ref.  61,  Table  III-4);  projections  to  the  year  2000  increase  this  estimate 
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to  3,719  per  tons  year.  If  the  estimated  rates  of  waste  generation  given  in 
Ref.  59  are  proportionally  reduced  (to  be  compatible  with  the  above  figures), 
then  the  potential  contributions  to  the  FGE  feedstock  base  decreases  to  6.7 
to  9.5  percent  of  overall  FGE  requirements. 

In  assessing  the  long-term  reliability  of  supply,  one  must  recognize  seasonal 
variability  in  solid  waste  generation  plus  potential  competition  from  other 
energy-intensive  activities.  The  common  pattern  observed  statewide  reveals 
an  April  maximum  (approximately  13  percent  above  the  annual  average)  and  a 
January  minimum  (approximately  30  percent  below  the  annual  average),  (Ref. 
61,  p.  3.24).  In  addition,  the  economics  of  utilizing  solid  waste  as  an 
energy  source  in  the  Missoula  area  appears  to  be  competitive  with  sanitary 
landfill  disposal.  The  system  cost  analysis  performed  by  HDR  indicates  a 
service  area  representing  the  majority  of  the  wastes  generated  in  western 
Montana;  their  analysis  is  applicable  to  any  large  energy  user  located  in  the 
Missoula  area  (Ref.  59,  p.  11-18).  Finally,  telephone  inquiries  to  local 
recycling  centers  indicated  that  most  of  the  paper  wastes  (e.g.,  computer 
cards/pri ntouts  and  newsprint)  are  committed  to  an  insulation  manufacturing 
firm  in  Great  Falls. 62 

In  summary,  concerns  over  cost-effective  waste  collection  and  handling  methods 
plus  seasonal  variability  in  supply  and  potential  market  competition  for 
these  wastes  dictate  that  these  contributions  to  FGE  feedstock  supply  not 
exceed  10  percent  of  the  annual  average  feedstock  requirements. 
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4.3 .2 .2  Potential  Competition  From  Wood-Gathering  Activities  for  Residential 
Fuel  Source  Use 

If  fossil  fuel-related  market  costs  continue  to  rise,  an  increase  in  the 
proportional  use  of  alternative  sources  of  energy  supply  can  be  expected. 
The  study  performed  by  R.  E.  Erickson  et  al_.  indicates  that  residential 
wood  use  in  Helena,  Bozeman,  Great  Falls,  and  Kalispell  is  about  33.6,  32.1, 
27.0,  and  40.2  percent,  respectively,  for  the  total  residences  located  in 
these  towns;  increases  in  wood  use  in  private  residences  over  the  next  two 
years  are  expected  to  be  8.2,  7.6,  11.4,  and  10.1  percent,  respectively.63 
Using  these  data  as  a guide,  a "ball  park"  estimate  of  wood  use  in  the 
Anaconda  area  of  25  to  35  percent  (of  the  total  households)  does  not  seem  to 
be  excessive.  Furthermore,  it  is  possible  that  within  the  next  several  years, 
wood  consumption  for  primary  and  auxiliary  space  heating,  cooking,  and  for 
aesthetic  enjoyment  (i.e.,  in  fireplaces)  may  increase  an  additional  7 to  11 

percent. 

The  purpose  of  these  estimates  for  the  Butte-Anaconda  area  is  to  assess  the 
degree  of  competition  expected  between  local  wood  gathering  (for  residential 
use)  and  logging-residue  harvesting  activities  for  FGE  production.  An  extra- 
polation of  the  above  survey  data63  to  the  Butte-Anaconda  area  implies 
that  wood  consumption  over  such  a winter  as  1980/1981  could  approach  23,000 
tons  at  25  percent-by-weight  moisture  content.  If  the  annual  estimates  of 
logging  residue  production  (from  Table  4-20)  are  converted  to  this  moisture 
content— i.e.,  about  33,069  to  50,423  tons  per  year--then  about  46  to  70 
percent  of  the  residue  total  may  be  acquired  for  private  use.  Although 
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these  estimates  may  be  overstated  somewhat,  there  is  little  doubt  that  fire- 
wood gathering  on  Deer  Lodge  National  Forest  lands  removes  a significant 
quantity  of  combustible/fermentable  materials  (Ref.  64).  If  competition 
develops,  the  forest  is  obligated  to  offer  the  materials  on  a competitive 
basis;  they  cannot  guarantee  continued  and  exclusive  use  for  any  given  cate- 
gory of  user. 

In  summary,  continued  private  harvesting  of  logging  residues  within  the  25- 
mile  radius  study  area  could  deplete  significantly  the  potential  resource 
base  for  the  FGE  facility.  It  may  be  possible  to  arrange  a long-term  (e.g., 
5-vear)  agreement  with  the  Montana  Department  of  Forestry  for  purchase  of  "x" 
cords  per  year  at  "y"  cost  per  cord,  adjusted  annually  to  reflect  changes  in 
the  consumer  price  index.  However,  if  commercial  demand  for  residues  exceeds 
supply  on  national  forest  or  BLM  lands,  acquisition  of  these  materials  would 
be  subject  to  competitive  bidding.65  Thus,  public  sentiment  towards  the 
harvest  of  residues  for  private  use  versus  those  for  FGE  production  could 
influence  the  size  of  the  resource  base  available  for  FGE  facility  use. 
After  considerable  introspection,  it  was  decided  that  about  55  to  65  percent 
of  the  annual  residue  production  could  be  utilized,  if  available,  by  the  FGE 
operations  without:  1)  adversely  affecting  the  supply  for  residential  use, 
or  2)  adversely  affecting  the  presumed  "hi ghest-and-best  use"  policy  for 
resource  utilization. 
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4.4  SUMMARY,  CONCLUSIONS,  AND  RECOMMENDATIONS 


4.4.1  Summary 

The  resource  inventory  study  for  the  Anaconda  site  was  divided  into  four 
phases.  At  the  onset,  the  range  of  wood  fiber  feedstock  requirements  neces- 
sary for  producing  2.5  million  gallons  per  year  of  fuel  grade  ethanol  (FGE) 
were  estimated.  Secondly,  biomass  characteristics  for  representative  forest 
cover  types  in  the  general  area  of  the  study  site  were  developed.  These 
estimates  served  as  input  to  two  types  of  economic  models  utilized  to  demar- 
cate geographical  boundaries  in  which  feedstock  gathering  and  transport  (to 
the  FGE  production  site)  appeared  to  be  economically  feasible.  Next  the 
total  resource  base  present  within  these  boundaries  was  estimated.  Finally, 
that  portion  of  the  entire  wood  residue  resource  apparently  available  for 
long-term  use  by  the  facility  was  determined. 

The  discussion  begins  in  Section  4.1  with  a statement  of  major  objectives 
and  definition  of  important  resource  terms  (e.g.,  "logging  residues").  A 
methodological  overview  responding  to  the  objectives  is  presented  in  Section 
4.2.  The  first  two  important  conclusions  are  presented  in  subsection  4.2.2. 
It  was  estimated  that  289  ± 4 green  tons  per  day  of  primarily  wood  fiber  and 
bark  feedstock  will  be  required  to  operate  at  the  given  level  of  FGE  produc- 
tion. This  tonnage  is  equivalent  to  FGE  feedstock  requirements  of  approxi- 
mately 44  oven  dry  lb,  or  about  76  green  lb  of  residue  per  gallon  of  product. 
It  was  also  estimated  that:  1)  total  harvestable  biomass  yields  of  4,842 
and  2,562  cubic  feet  per  acre  (cfa)  are  available  from  lodgepole  pine  and 
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"dry  site"  Douglas  fir  cover  types,  respectively;  these  values  assume  clear- 
cutting  practices  to  close  utilization  standards;  and  2)  of  the  above  totals, 
about  2,592  and  812  cfa  respectively  are  available  as  logging  residues. 

Following  additional  characterization  of  the  logging  residues  (e.g.,  numbers 
of  pieces  per  acre;  cf  volume  per  piece),  the  data  were  used  in  two  harvest- 
transport  cost  estimate  models.  In  the  first  approach,  the  critical  assump- 
tion was  made  that  feedstock  costs  cannot  exceed  $40.00  per  green  ton.  It 
was  judged  that  this  price  was  competitive  with  the  anticipated  pulpwood/fiber 
product  markets,  and  possibly  with  the  house  log  market.  Application  of  the 
U.  S.  Forest  Service  Forest  Manual  timber  appraisal  method  indicated  a one-way 
haulage  distance  ("radius")  varying  from  4.4  to  19.5  mi  1 es--dependi ng  upon 
subtle  changes  in  such  factors  as  forest  cover  type,  road  conditions,  etc. 
It  was  concluded  that  all  errors  made  in  the  assumptions  utilized  are  suffi- 
ciently compensating  that  a moderate  value  of  12.0  miles  served  as  a credible 
estimate,  if  this  particular  model  was  used. 

The  second  approach  utilized  a model  developed  by  Dr.  R.  Withycombe  of  the 
University  of  Montana's  Bureau  of  Business  and  Economic  Research.  The  results 
are  more  pessimistic,  indicating  that  only  Douglas  fir  can  be  utilized  econo- 
mically, and  only  when  the  saw  timber/wood  fiber  source  is  situated  within 
several  miles  radius  of  the  FGE  site.  If  the  above  estimate  is  in  error  by 
100  percent,  the  upper  bounds  of  feasibility  would  approach  a 6-mile  radius. 

A combination  of  the  two  models'  results  thus  indicates  radii  varying  from 

zero  to  19.5  miles,  with  a tendency  towards  an  average  figure  of  about  7 

miles.  However,  because  no  statistical  limits  of  confidence  could  be 
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attached  to  these  values,  and  because  the  maximum  limit  for  truck  haulage 
appears  to  approach  50  miles, ^ the  geographical  limits  were  extended  to  a 
25-mile  radius  from  Anaconda. 

Section  4.3  presents  the  estimated  lower  and  upper  bounds  for  annual  pro- 
duction of  logging  residues  (4. 3. 1.1),  mill  residues  (4. 3. 1.2),  and  ferment- 
able municipal  solid  wastes  (4. 3. 1.3)  available  within  the  25-mile  radius 
study  area.  Distinctions  are  made  between  total  resource  present  (e.g.,  in 
tons  per  year)  versus  the  amount  expectedly  available  for  FOE  consumption, 
where  pertinent  or  possible. 

4.4.2  Conclusions 

During  the  current  wood-ethanol  study  on  the  Anaconda  site  (and  surrounding 
documented  forest  lands)  it  became  apparent  that  not  enough  forest  and  mill 
residue  would  be  available  to  support  the  ethanol  plant  at  this  location. 
The  acceptable  radius  for  hauling  the  required  289  green  tons  per  day  of 
feedstock  was  assessed  generally  as  being  in  the  25-mile,  or  less  radius. 
Rased  on  study  results,  it  was  determined  that  not  enough  feedstock  wood 
existed  within  this  prescribed  circle  of  25-mile,  or  less,  radius.  Thus, 
the  Anaconda  site  has  been  judged  as  being  unacceptable  for  an  FGE  plant  in 
the  2.5  million  gallons  per  year  category. 

As  shown  in  Table  4-24,  the  estimated  FGE  resource  base  for  the  given  study 
area  ranges  from  51,152  to  76,887  green  tons  per  year.  Given  estimated 
annual  feedstock  requirements  of  about  95,370  green  tons  per  year,  these 
figures  are  equivalent  to  about  53.6  to  80.6  percent  of  annual  needs.  The 
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above  range  of  estimates  is  more  likely  to  be  overstated  than  understated. 
The  two  principal  reasons  for  this  evaluation  are:  1)  given  the  depth  and 
breadth  of  data  gathering,  estimated  forest-wide  residue  quantities  probably 
are  not  deficient  by  more  than  35  percent  (in  terms  of  green  tons  per  acre), 
while  2)  the  25-mile  geographical  range  may  exceed  the  economically  realized 
boundary  by  357  to  128  percent  (i.e. , 25  + 7 to  25  * 19.5  miles,  respectively), 
if  this  FGE  project  were  to  be  implemented. 


Therefore,  if  it  is  assumed  that  annual  feedstock  supply  must  at  least  equal 
feedstock  demand  to  assure  successful  operation,  then  FGE  production  at  the 
given  scale  at  Anaconda  does  not  seem  possible. 

4.4.3  Recommendations 

The  conclusions  of  the  study  do  not  support  a recommendation  to  implement  a 
2.5  million  gallon  per  year  FGE  production  operation  at  the  Anaconda,  Montana 
site.  However,  the  two  principal  alternatives  include:  1)  an  adjustment  of 
operational  scale  to  be  compatible  with  the  apparent  resource  base,  but 
keeping  an  Anaconda  facility  site;  or  2)  locating  the  facility  elsewhere, 
and  recognizing  that  scale-of-operations  may  differ  from  the  present  case. 

Regarding  the  first  alternative,  a 1.25  million  gallon  FGE  per  year  capacity 
operation  appears  to  be  more  nearly  in  quantitative  agreement  with  the  given 
resource  base.  However,  as  product  costs  (i.e.,  $ per  gallon)  are  not  linearly 
proportional  to  production  scale,  the  downscaling  of  operations  may  not  pro- 
duce a competitive  product  (e.g.,  see  Figure  3.4.2-C,  p.  93  in  Hokanson 
— — • ,2)*  A computerized  method  of  economic  sensitivity  analysis  capable 
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of  optimizing  product  cost-effectiveness,  given  varying  assumptions  as  to 
resource  characteristics  and  engineering  parameters,  is  recommended.  During 
this  down-scaling  study,  both  manual  and  computer-based  literature  searches 
would  be  performed  to  identify  likely  candidate  methods;  and  then  the  existing 
software  would  be  tested  and  refined  or  new  software  packages  developed  as 

necessary. 

The  above  resource  inventory  reveals  the  considerable  quantity  of  uncommitted 
waste  wood  fiber  present  within  southwestern  Montana.  For  example,  approxi- 
mately one  billion  cubic  feet  of  wood  waste  fiber  probably  exists  within 
Beaverhead  County.66  If  all  of  this  biomass  became  available  to  the  FGE 
facility,  it  would  maintain  the  proposed  operations  at  Anaconda  (or  elsewhere 
in  the  vicinity)  for  over  200  years.  Furthermore,  millions  of  board-feet  of 
timber  affected  by  mountain  pine  beetle  are  being  cut  presently  within  the 
Beaverhead  National  Forest's  Madison  Ranger  District.67  Dillon,  Montana, 
serves  as  a collection  point  for  saw  timber  and  subsequent  mill  wastes; 
thus,  a modestly  scaled  FGE  operation  (e.g.,  <_  105  gallons  per  year)  may  be 
able  to  compete  with  other  local  and  regional  demands  for  wood  fiber.  In  a 
similiar  vein,  the  data  gathered  during  the  recently-concluded  study  also 
indicates  that  consideration  of  a more  modestly-sized  FGE  operation  located 
in  either  the  Philipsburg  or  Lincoln,  Montana  areas  has  sufficient  potential 
to  merit  further  investigation. 

In  summary,  the  findings  of  the  study  are  consistent  with  the  USDA  Forest 
Service's  assessment  that  western  Montana  probably  has  a moderate  potential 
for  alternative  energy  generation  from  biomass  sources.55  However,  great 
care  must  be  exercised  in  choosing  a facility  site.  It  must  be  recognized 
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that  areas  with  abundant  resources  have  attracted  prior  users  and  are  probably 

. 

being  exploited  to  some  degree  that  may  inhibit  entry  of  a new  activity  into 
the  field.  Conversely,  areas  with  less  abundant  resources  may  have  greater 
proportions  available  for  use,  but  the  attendant  costs  of  processing  them  may 
be  prohibitive.  Thus,  the  preliminary  survey  of  potential  FGE  sites  should 
systematically  integrate  the  resource  potential  and  resource  demand  factors. 

’ 

. 

This  could  be  implemented  by  creating  an  inventory  matrix  (base  map)  composed 
of,  for  example,  1 square-mile  cells  within  southwestern  Montana.  Each  cell 
would  have  an  ultimate  resolution  of  160  acres.  Two  overlays  to  this  lease 
map  would  then  be  generated.  The  first  would  display  residue  isopleths 
(e.g.,  in  10  through  50  tons  per  acre  units)  while  the  second  would  present 
residue  production  resulting  from  timber  management/harvest  activities. 


9 


The  generation  of  a time  series  of  these  composites  (e.g.,  at  ten  year 
intervals)  would  aid  in  determining  where  and  at  what  quantities  the  residues 

will  occur.  These  results  would  then  be  converted  to  availability  estimates 

' 

by  over-laying  a third  sheet  depicting  likely  zones  of  major  competition 
from  other  large  wood  products  users.  This  process  is  shown  graphically  in 
Figure  4-2.  These  overlays  will  readily  demarcate  cells  or  specific  project 
sites  wherein  further  resource  inventory,  economic  feasibility,  and  environ- 
mental assessment  studies  appear  worthy  of  the  monetary  investment  required 
to  perform  them. 

9 
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COMPETITION  FOR  EXISTING  RESIDUE  OVERLAY 


FIGURE  4-2 


GRAPHICAL  SUMMARY  OF  THE  PROPOSED  SCREENING  PROCESS 
FOR  IDENTIFYING  POTENTIAL  FGE  PRODUCTION  SITES 


Scale:  One  Square  = One  Square  Mile 
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TABLE  4-1 . — Variability  of  Feedstock  Requirements  (In  Green  Tons  Per  Day)3 


Green  Weight  * Oven  Dry  Weight  Ratios 
1.54  1.89 


Dry  lb.  of  feedstock  40 

required  per  gallon  of 
FGE  produced. 

50 


233 

00 

CM 

292 

358 

I 

3)  For  example,  if  1.54  lb  of  green  feedstock  P 47.1  percent  (w/w)  moisture, 
can  be  dried  to  1.00  lb  P 12  percent  (w/w)  moisture,  and  if  40  lb  of  dry 
feedstock  are  required  to  produce  1.0  gallon  of  FGE,  then  233  green  tons 
of  feedstock  per  day  will  be  required  to  meet  the  annual  FGE  production 
of  2.5  mill  ion  gallons. 


€ 
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TARLE  4-2 .--Estimated  Volume  of  Wood  by  Component  in  Mature  Stands  Present 
Within  a 50-Mile  Radius  of  Anaconda,  Montana  (In  Cubic  Feet  Per  Acre) 


FOREST  TYPE 


Component  Lodqepole  pine  "Dry  Site"  Douglas  fir 

Green  Trees 


Merchantable  logs 

2,250 

1 ,750 

Cull 

120 

55 

Tops 

462 

79 

Small  Stems 

247 

317 

Subtotal 

3,079 

2,201 

Standing  Dead 

No  defect 

441 

0 

Sound  defect3 

294 

82 

Solid  rot 

140 

23 

Crumbly  rot 

0 

0 

Subtotal 

875 

105 

Down 

No  defect 

360 

45 

Sound  defect3 

313 

20 

Solid  rot'3 

215 

191 

Crumbly  rot'3 

236 

556 

Subtotal 

1 ,124 

812 

GRAND  TOTAL 

5,078 

3,118 

Notes: 

a)  "Sound  defect  includes  crook,  sweep,  fork,  splits,  and  drying  checks  that 
prevent  use  for  solid  wood  products  but  not  for  fiber  use",  (Ref.  14,  p.  3). 

b)  "Solid  rot  includes  pieces  with  rot  but  that  can  be  handled  in  logging. 
Crumbly  rot  is  material  that  will  not  hold  together  in  logging,"  (Ref.  14, 
p.  3). 

SOURCE:  Adapted  from  Table  2,  page  3 in  Benson  and  Schlieter,  1980  (14). 


4-46 


c 


TABLE  4-3.--Harvestable  Piece  Number  And  Volume-Per-Piece  Estimates 
For  Commercial  Lodgepole  Pine  and  Douglas  Fir  Forest  Types 


Average  Number  of  Average  Volume  Per 

Tree  Species  Merchantable  Stems  per  Acre  Piece  (in  cubic  ft) 

Lodgepole  pine  470a  3.8 

Douglas  fir  250^  5.1 

Notes: 

a)  Assumes  an  average  of  235  trees  per  acre,  each  being  about  32  feet  in 
height,  8.5  inches  dbh,  and  possessing  a gross  volume  of  9.6  cubic  feet. 
The  reduction  to  a net  volume  is  given  by  assuming  a 4 percent  harvested 
volume  defect,  a 6 percent  scaling  defect,  and  a 10  percent  volume  (v/v) 
loss  incurred  during  skidding. 

b)  Assumes  an  average  of  125  trees  per  acre,  each  being  about  32  feet  in 
height,  9.5  inches  dbh,  and  possessing  14.0  cubic  feet  of  gross  volume. 
The  reduction  to  a jnet  volume  is  given  by  assuming  a 7 percent  harvested 
volume  defect,  a 10  percent  scaling  defect,  and  a 10  percent  (v/v)  loss 
incurred  during  skidding. 


€ 

c 
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TABLE  4-4. --Piece  Number  and  (Volume-Per-Piece)  Estimates  Per  Acre  for 
Down  Materials  in  Lodgepole  Pine  and  Douglas  Fir  Forest  Types 


Length  and  Diameter8 

1 to  8 feet  long 

3 inches  and 
larger  diameter 

9 to  18  feet  long 

3 to  6 inches 
diameter 

6 inches  or 
larger  diameter 

19  feet  and  longer 


3 to  6 i nches 
di ameter 

6 inches  or 
larger  diameter 

Notes : 


FOREST  TYPE 

Lodgepole  pineh  Douglas  fir,  "Dry  Site"b 


23  (1.0  cf) 

49  (1.7) 

9 (4.0) 

28  (3.7) 

18  (8.9) 


5 (1.4  cf) 

14  (2.0) 

2 (5.5) 

4 (4.3) 

2 (12.1) 


a)  Assumes  mean  lengths  of  4.5,  13.5  and  30  feet  for  the  three  respective 
length/diameter  classes;  also  assumes  maximum  diameters  of  8.5  and  9.5 
inches  for  lodgepole  pine  and  Douglas  fir,  respectively. 

b)  Volumes  calculated  using  Smolian's  rule  (Ref.  13,  Table  10)  and  assuminc 
density  values  (at  12%  moisture)  of  25.5  and  30  lbs  per  cubic  feet  for  ' 
lodgepole  pine  and  Douglas  fir,  respectively. 

SOURCE:  Number  estimates  taken  from  Table  3,  p.  6,  in  Benson  and  Schlieter 

\ ^ j • 
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TABLE  4-5. --Biomass  Loading  of  "Other  Logging  Residues 
For  Lodgepole  Pine  and  Douglas  Fir  Cover  Types3 


FUEL  CATEGORY  (TONS  ACRE-1) 


DUFF 


Cover  Type 
Lodgepole  pine 


0 .25  to  1 .0 
i nch  dbh 


1.0  to  3.0  Depth  in  Biomass 
inch  dbh  i nches  (tons  per  acre) 


1.2  ± 1.7 


3.0  ± 5.1  1.1  ± 0.8  17.4  ± 12. 6b 


Douglas  fir 


1.6  ± 2.0 


2.9  ± 5.4  1.1  ± 0.6  20.4  ± 11. lb 


Notes: 


a)  Fuel  category  and  duff  depth  information  acquired  by  averaging  Deer  Lodge 
National  Forest  and  Beaverhead  National  Forest  inventory  data,  as  found 
in  Table  14,  p.  43  in  Brown  and  See  (16). 

b)  Assumes  duff  bulk  densities  (lbs/ft^)  of  8.7  for  lodgepole  pine  (Ref. 

16)  and  10.2  for  Douglas  fir;  (Ref.  16  noted  a bulk  density  of  11.2  lbs 
cubic  feet  for  western  hemlock/Douglas  fir  stands). 
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TABLE  4-6 .--Summary  of  Number  of  Pieces  and  (Equivalent  Biomass)  Estimates 
Feasibly  Harvested  Per  Acre  For  Mature  Stands  of  Lodgepole  Pine  and 
Douglas  Fir  Cover  Types,  Within  a 50-Mile  Radius  of  Anaconda,  Montana 


FOREST  TYPE 


Component 
Green  Trees 

Lodgepole  pine 

Dougl as 

fi  r 

Merchantable  Logs 

470  (2,250) 

250 

(1  ,750) 

Cull9 

25 

(120) 

8 

(55) 

Tops 

470 

(462) 

250 

(79) 

Small  Stemsb 

103 

(247) 

90 

(317) 

Subtotal 

1,068  (3,079) 

598 

(2,201) 

Standing  deadc 

125 

(875) 

28 

(105) 

Down  trees^ 

104 

(888) 

22 

(256) 

GRAND  TOTAL 

1,297  (4,842) 

648 

(2,562) 

Notes: 

a)  Assumes  dbh  characteristics  as  being  the  same  as  that  for  the  merchantable 
logs. 

b)  Assumes  dbh  characteristics  are  approximaely  half  that  for  the  merchantable 
logs. 

c)  Assumes  _<  3 inch  dbh  and  length  averaging  7 to  10  feet. 

d)  Includes  only  those  pieces  at  least  8 feet  in  length  and  over  2 cubic 
feet  in  size;  no  materials  suffering  from  crumbly  rot  are  added  in  this 
total . 
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TABLE  4-7. --Rationale  for  Appraisal  of  Felling/Limbing  and 
Skidding  costs  vis  Use  of  the  USDA  Forest  Manual 


FELLING/LIMBING  COSTS3 

Component  Percent  Adjustment  Factor 

Average  dbh  = 9 inches 
Tree  density  = 125-235  acre-1 
Percent  slope  = 15-20 
Merchantable  tree  defect  = 6% 


TOTAL  ADJUSTMENT 

Zone  average  (excluding  rent,  lease  and  depreciation)  = $22.25 
Rent,  lease  and  depreciation  = $5.80 

Appraisal  Cost  Estimate:  ($22.25  * 1 .575)  + $5.80  = $40 .84MBF- 1 

SKIDDING  COSTS b 

Component  Percent  Adjustment  Factor 

Net  volume  acre-1  - 7500  MRF  +1.5 

Gross  no.  logs  MBF"1  = 24  -5^0 

Skidding  distance  = 825  ft.  +2^5 

Scaling  defect  = 8%  _-|.*0 


TOTAL  ADJUSTMENT  _2.o 

Zone  average  (excluding  rent,  lease  and  depreciation)  = $39.18 
Rent,  lease  and  depreciation  = $6.59 

Appraisal  cost  estimate:  ($39.18  * 0.98)  + $6.59  = $44.99  MBF'1 

Notes: 

a)  Taken  from  pp.  2422.41-2  and  2422.41-4  in  Ref.  24,  FSM  6/81  R-l  Supp  276. 

b)  Taken  from  pp.  2422.41-2  and  2422.41-6  in  Ref.  24,  FSM  6/81  R-l  Supp  276 


+70.0 
- 0.5 
0.0 
-12.0 

+57.5 


/ 


TABLE  4-8. --Rationale  for  Appraising  Timber  Loading  and 
Haulage  Costs  vis  Use  of  the  USDA  Forest  Manual 


COMPONENT 


Gross  volume 
(green  tons)3 
Loading  Time 
(minutes)*3 


SPECIES  (NO.  TREES  PER  ACRE) 
Lodgepole  pine  (36)  Douglas  fir  (52) 
15.4  14.8 

57  >65 


Road  Quality--see  discussion  in  text 
Averaged  Speed  (mph):  11. 5C 

Transport  Costs 

Fixed  daily  costs  = $64. 67c* 

Labor  per  day  = $191 .03 e 

Unloading  time  (minutes)'*7  43  49 


Motes : 

a)  Extrapolated  from  Table  1,  p.  2422.41--20  in  the  USDA  Forest  Manual  (24); 
weight  per  load  will  presumably  meet  any  road  or  bridge  tonnage  limit. 

b)  Extrapolated  from  Table  2,  p.  2422.41--21  in  Ref.  24. 

c)  Extrapolated  from  Table  3,  p.  2422.41  — 23  in  Ref  24;  the  weighted  average 

mph  was  calculated  as  follows:  (15.87  x 0.33)  + (10.43  x 0.25)  + (8.62  x 

0.30)  + (8.68  x 0.12)  = 11.47. 

d)  Calculated  from  p.  2422.41--18  in  Ref.  24:  $15,845/245  = $64.67  operating 

day-'. 

e)  Calculated  from  p.  2422 .41  — 18  in  Ref.  24,  but  using  a 10-hr  work  day: 
$229.24  x 10/12  = $191.03  day-1. 

f)  Author's  observations/impressions  gained  while  serving  as  an  employee 
for  the  Flathead  National  Forest  Service,  summers  of  1971-1976. 
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TABLE  4-9. --Summary  Calculations  for  Estimating  the  Economically  Feasible 
Haulage  Radius,  Using  the  USDA  Forest  Manual  Model  (in  1981  Dollars) 


CRITICAL  ASSUMPTION:  The  FGE  facility  must  be  able  to  pay  up  to  $40.00 

green  ton-1,  thus  remaining  competitive  with  the 
anticipated  pulpwood/fiber  product  markets  (and 
possibly  with  the  house  log  market--see  Ref.  15). 

APPROACH: 


1.  Assume  in-plant  chipping  and  associated  handling  costs  of  $3.50  green 
ton"1 2 3 4  (see  Table  12,  Ref.  13;  adjusted  to  1981  dollars  via  use  of  the 
projected  1981  annual  wholesale  price  index  of  295). 

2.  Ceiling  price  per  load:  15.1  green  tons  load-1  x $40  green  ton-"1  = 

$604.00  load-1. 


3.  Conversion  of  MBF  to  green  tons:  $85.83  MBF  x 1 MBF/1000BF  x (lOlbs/BF)"1 

x 2000  lbs  ton-1,  equivalent  to  $17.17  green  ton-1.  The  i^s  per  bd. 
ft.  conversion  was  taken  from  Table  11,  Ref.  13. 


4.  Expression  for  calculating  economic  feasibility  (haulage  radius). 


a)  $604.00  = $259.27  + (1.783  hrs.  x $19.10  hr-1 Ufdistance  (in  miles) 
x $0,882  mile-1  x $19.10  hr].  11.4722  mph 

+ $52.89  (for  chipping,  load"l); 

The  weighted  cost  mile-!  factor,  contained  within  the  brackets, 
utilized  the  Forest  Manual 's  cost  mile"!  values  of  0.4793  and 
1.4380  for  paved  and  unpaved  roads,  respectively  (Ref.  20, 
p.  2422.41 --18) . The  mechanics  of  calculating  the  above  factor 
are  as  follows: 


[(15  .87 ) (0.33 ) + (10.43)  (0.25)]  x 0.4793  $ mile-1  + [(18.62) (0.30) 

+ (8.68)  (0.12)]  x $1  .4380  mile"!  = $0.881954  mile"!  * $0,882  mile-1. 

b)  $604.00  - $259.27  - $34.06  - $52.89  = fdistance  (miles)  x $0,882 

1 1 .4722  mph 

mile-1  x $19.10  hr"l],  where  travel  costs  are  equal  to  [$0,882  mile"! 
x 1 1 .4722  miles  hr~l]  = $29 . 22h r- 1 mile  "1  traveled. 


c)  Thus,  by  dividing  the  residual  price  per  load  by  the  travel  cost 
per  hour,  the  total  miles  allowed  for  travel  (and  still  break  even 
on  costs)  can  be  calculated.  The  results  of  this  calculation  are 
shown  below. 


"Haulage  allowance" 
round  trip. 


(in  miles)  = $257.78  load 

$29.22  hr“l  mile-^  = 8.8  miles 
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TABLE  4-10. --Summary  Calculations  for  the  Revised  Estimate  of  Economic 
Feasibility/Haulage  Radius  Determination  Using  the  USDA  Forest  Manual  Model 


CRITICAL  ASSUMPTION:  The  same  as  given  in  Table  4-9. 

APPROACH: 

1.  Assume  in-plant  chipping  and  handling  costs  of  $3.50  green  ton-1. 

2.  Ceiling  price  per  load:  27.5  green  tons  load-1  * $40  green  ton-1. 

3.  Cost  per  green  ton:  $17.17  * 0.75  = $12.88. 

4.  Expression  for  calculating  the  economical ly  feasible  haulage  radius: 

a)  $1100.00  = $354.20  + (1.516  * $19.10  hr-l)  + distance  (miles) 

i . 17.2  mph 

* $0.72  milej  * $19.10  hi  1 ] + $96.25  (for  chipping,  load-1). 

b)  $1100.00  - $354.20  - $28.96  - $96.25  = r distance  (miles)  * 

17.2  mph 

$0.72  mile"1  x $19.10  hr"l],  where  travel  costs  are  reduced  to 
[ (0 .7 2/0 .882 ) ( 1 1 .4722/1 7 .2 ) (29 .22 ) ] = $15.91  hr-l  mil e” 1 traveled. 

c)  Thus,  the  "haulage  allowance"  (in  miles)  is  calculated  below. 

"Haulage  allowance"  (in  miles)  = $620.59  load  ^ 39.0  m-jies 

$15.91  hr-l  mile 

round  trip. 
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TABLE  4-1 1 .--Summary  of  Data  Needs  for  Input  into  the  R.  Withycombe 
Cost  Estimate  Model  (Expressed  as  1981  Dollars  per  Green  Ton) 


FOREST  COVER 

AND  FIBER  TYPES 

Lodgepol  e 

pine3 

Dougl as 

Firb 

COMPONENT 

Saw 

T imber 

Logging 
Resi dues 

■ Saw 
T imber 

Logging 
Resi dues 

Hand  felling 
and  limbing  costs 

9.28 

48.98 

6.08 

51 .32 

Tractor  skidding  costs0 

14.24 

25.88 

10.55 

23.67 

Loading/hauling  costs'^ 

7.25 

8.57 

6.65 

8.29 

Unloading  costse 

3.37 

5.27 

3.16 

5.12 

E 

$34.14 

$88.70 

$26.44 

$88.40 

Notes : 

a)  Assumes  average  8.5"  dbh  for  sawtimber  and  dbh  size  distribution  for 

residues  as  given  in  Table  4-4.  Costs  are  extrapolated  from  Table  1 in 

R.  Withycombe,  Ref.  13. 

b)  Assumes  average  9.5"  dbh  for  sawtimber  and  dbh  size  distribution  for 

residues  as  given  in  Table  4-4.  Costs  are  extrapolated  from  Table  1 in 

R.  Withycombe,  Ref.  13. 

c)  Assumes  an  average  skidding  distance  of  825  feet,  and  dbh  assumptions  as 
above;  costs  are  extrapolated  from  Table  3 in  R.  Withycombe,  Ref.  13. 

d)  Assumes  an  average  haul  distance  of  20  miles  and  road  conditions  similar 
to  those  utilized  in  the  Forest  Manual  cost  appraisals.  Costs  are  extra- 
polated from  Table  5 in  R.  Withycombe,  Ref.  13. 

e)  Assumes  the  same  dbh  criteria  for  sawtimber  and  residues  as  in  a)  and  b); 
costs  are  extrapolated  from  Table  8 in  R.  Withycombe,  Ref.  13. 
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TABLE  4-1 2 .--Summary  Calculations  for  Estimating  the  Economically  Feasible 
Haulage  Distance,  Using  the  Withycombe  Model  (in  1981  Dollars) 


CRITICAL  ASSUMPTION:  The  same  as  given  in  Table  4-9  (i.  e.,  a $40  green 

ton-''  ceiling  on  as-received  wood  feedstock).3 

APPROACH: 

1.  Assume  in-plant  shipping  and  handling  costs  of  $3.50  green  ton-'. 

2.  Assumed  ceiling  price  per  load:  a)  $604.00  for  a 15.1  ton  shipment, 
b)  $1100.00  for  a 27.5  ton  shipment. 

3.  Assumed  resource  costs  per  green  ton:  a)  $34.14  for  lodgepole  pine 

sawtimber;  b)  $88.70  for  lodgepole  pine  logging  residues;  c)  $26.44  for 
Douglas  fir  saw  timber;  and  d)  $88.40  for  Douglas  fir  logging  residues. 

4.  The  estimates  for  total  haulage  distances  (in  miles)  judged  to  be 
economically  feasible  are  summarized  below. 


3a 

3b 

3c 

3d 

2a 

<0 

<0 

~1 .5 

<0 

2b 

<1 

<0 

~5  .9 

<0 

Note: 

a)  The  following  additional  assumptions  were  utilized  in  the  calculations: 

1)  an  average  speed  of  14.336  mph  and  an  operating  cost  of  $0,801  mile-! 

2)  loading/unloading  times  totaled  to  1.783  hrs;  and  3)  a $34.06  hr-! 
cost  for  the  log  truck  and  driver,  (extrapolated  from  Ref.  13,  p.  A-7, 
and  adjusted  to  1981  dollars. 
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TABLE  4-13. --Acres  of  Non-Federal  Commercial  Timberlands 
by  Ownership  Class  and  County 


OWNERSHIP  CLASS 


County 

Montana 

State 

Forest 

Industry 

Private 

County  and 
Municipal 

Total  Acres 

Beaverhead 

23,100 

900 

43,400 

< 50 

- 67,450 

Deer  Lodge 

21 ,500 

1 ,400 

50,500 

< 50 

~ 73,450 

Grani te 

9,300 

37,800 

94,000 

< 50 

~ 141,150 

Jefferson 

6,600 

1 ,000 

82,600 

-- 

90,200 

P owe 1 1 

29,400 

81 ,200 

157,700 

< 50 

~ 268,350 

Silver  Bow 

9,100 

200 

34,100 

< 50 

~ 43,450 

TOTAL  ACRES 

99,000 

122,500 

462,300 

<250 

- 684,050 

SOURCE:  Ms. 

Dorothy  Felt 

, Reference 

33. 
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TABLE  4-14 .--Recent  Timber  Harvest  Statistics  for  Private,  Montana  State, 
and  Federal  Lands  Within  and  Adjacent  to  the  Study  Area  (in  MRF) 


YEAR  a 


1976 

1977 

1978 

1979 

County  Private*3  State 

Private*3  State 

Private*3  State 

Private*3  State 

Beaverhead  5,452  0 

9,045 

11,725 

0 

3,988 

0 

Deer  Lodge  7 ,387  0 

31 

1 ,620 

0 

201 

0 

Granite  21,066  0 

27,020 

22,935 

52c 

11,340 

0 

Jefferson  11,769  0 

7,390 

10,844 

0 

4,269 

0 

Powell  32,205  2,450 

34,018 

42,726 

81° 

54,451 

1 ,267c 

Si  1 ver  Row  297  0 

98 

2,246 

0 

1 ,525 

0 

T.  78,176  2,450 

Not 

77,602  Available 

92,096 

133 

75,774 

1 ,267 

Bureau  of  Land 
Management 

Dillon  S.Y.U.  0 

Missoula  S.Y.U.  3,770 

500 
3 ,000 

1 ,000 
4,000 

1,000 

6,000 

Beaverhead 
National  Forest0* 

Wisdom  R.D.  ~ 0 

Wise  River  R.D.  ~ 0 

2,296 

6,347 

1 ,585 
3,352 

2,299 

373 

Deer  Lodge 
National  Forest^ 

Butte  R.D.  183 
Deer  Lodge  R.D.  12,724 
Phi  1 i psburg  R.D.  1 ,872 

7,688 

643 

5,383 

5,666 

2,544 

2,311 

1 ,662 
3,242 
12,378 

NOTES: 

a)  Private  lands  data  given  in  calendar  years,  Montana  State  lands  data  given 
in  fiscal  years  (i.e.,  6/30-7/1),  federal  lands  data  given  in  fiscal  years 
(i.e.,  10/1-9/30). 

b)  Includes  both  industrial  and  non-industrial  private  lands. 

c)  Does  not  include  post/pole  or  rail  harvests  or  other  types  of  cutting  permits. 

d)  Data  represents  harvested  volume  for  BLM  and  Beaverhead  N.F.,  sold  volume  for 
the  Deer  Lodge  N.F. 

SOURCE:  Private  and  Montana  State  lands  (44);  Bureau  of  Land  Management  lands  (45); 

Beaverhead  National  Forest  lands  (46);  Deer  Lodge  National  Forest  lands  (47). 
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TABLE  4-15 .--Estimated  Timber  Harvest  Acreages3 
For  Private,  Montana  State  and  Federal  lands 


and  (Estimated  Percentage  of  Total  CFLS)^ 
Within  and  Adjacent  to  the  Study  Area 


County 

Reaverhead 
Deer  Lodge 
Granite 
Jefferson 
Powel 1 


1976 


1977 


727 

985 


Private  State 

UT64)  (TW 

0 (0) 

0 (0) 

0 (0) 

4,294  (1.80)  327  (1.11) 


(1.90) 
2,809  (2.13) 
1 ,569  (1  .88) 


Pri  vate 
1 ,206  (2.72) 
4 (0.01) 
3,603  (2.73) 
985  (1.18) 
4,536  (1.90) 


YEAR 

State 


1978 


1979 


Private  State 

~ OTO) 
0 (0) 
7 (0.07) 
0 (0) 

5,697  (2.38)  11  (0.04) 


Pri vate 


1 ,563  (3.53) 
216  (0.42) 
3,058  (2.32) 
1 ,446  (1  .73) 


532 
27 
1 ,512 
569 
7,260 
203 


TT720) 

(0.05) 

(1.15) 

(0.68) 

(3.04) 


.»  i i vci  nuw  • 

E 10,424 

• I f—  j 

(1.78) 

327  (0.33) 

Not 

10,347  (1.77)  Available 

12,279  (2.10)  18  (0.02) 

10,103  (1  .73) 

169 

Bureau  of  Land 
Management 
Oi 1 Ion  S.Y.U. 
Missoula  S.Y.U. 

0 

503 

(0) 

(0.50) 

67  (0.04) 
400  (0.40) 

133  (0.08) 
533  (0.53) 

133 

800 

(0.08) 

(0.80) 

Beaverhead 
National  Forest 
Wisdom  R .0 . 

Wise  River  R.0. 

■ o (~0) 

■ 0 (-0) 

306  (0.15) 
846  (0.79) 

211  (0.10) 
447  (0.42) 

306 

50 

(0.15) 

(0.05) 

Oeer  Lodge 
National  Forest 
Rutte  R.D. 

Oeer  Lodge  R.0. 
Phi  1 i psburq  R .0 . 

24 
1 ,696 
250 

(0.02) 

(1.94) 

(0.10) 

1 ,025  (1  .05) 
86  (0.10) 
718  (0.30) 

755  (0.77) 
339  (0.39) 
308  (0.13) 

222 
432 
1 ,650 

(0.23) 

(0.49) 

(0.68) 

E 

2,473 

(0.24) 

3,448  (0.34) 

2,726  (0.27) 

3,593 

(0.36) 

State 

~ OTo) 
0 (0) 
0 (0) 
0 (0) 
169  (0.57) 
0 (0) 


(0.19) 


Notes : 

a)  Assumes  an  average  volume  of  7500  board  feet  acre"!  (see  Section  4. 2. 2. 2 for  rationale). 

b)  See  Montana  State  and  private  CFL  data  in  Table  4-13,  plus  accompanying  text  for  federal  CFL  data. 

Sources:  Private  and  Montana  State  Lands  (44);  Bureau  of  Land  Management  lands  (45);  Beaverhead  National  Forest 
lands  (46);  Oeer  Lodge  National  Forest  lands  (46). 


TABLE  4-16. --Relative  Trends  in  Timber  Harvest  (in  MBF ) on  National  Forest  Lands 
Versus  Private  Lands  Within  the  General  Study  Area,  1969-1976 


CALENDAR  YEAP 


PRIVATE  LANDS 


BY  COUNTY 

1969 

1970 

1971 

Beaverhead 

-- 

-- 

31 

Deer  Lodge 

194 

13,505 

8,163 

Granite 

19,095 

16,259 

10,527 

Jefferson 

895 

2,700 

2,434 

P owe 1 1 

26,766 

30,800 

26,407 

Silver  Bow 

566 

- _ 



Z 

NATIONAL 
FOREST  LANDS 

47,516 

63,264 

47,562 

Beaverhead 

25,375 

17,504 

19,059 

Deer  Lodge 

22,977 

25,346 

46,473 

Hel ena 

17,630 

16,710 

14,102 

z 

65,982 

59,560 

79,634 

Sources:  Reference  44,  for  private  lands; 


1972 

1973 

1974 

1975 

1976 

-- 

864 

9,059 

4,160 

5,452 

1 ,493 

474 

511 

546 

7,387 

18,885 

23,377 

14,531 

9,321 

21 ,066 

3,734 

3,667 

4,466 

3,607 

11 ,769 

37,816 

51  ,639 

38,482 

46,041 

32,205 

- - 





17 

297 

61 ,928 

80,021 

67,049 

63,692 

78,176 

16,795 

28,615 

10,664 

11  ,560 

11 ,359 

22,856 

23,888 

21 ,578 

17,682 

16,681 

13,912 

27,714 

12,798 

8,130 

6,577 

53,563 

80,217 

45,040 

37,372 

34,617 

Reference  50  for  national  forest  lands. 


TABLE  4-17. --Timber  Volume  Sold  or  Projected  for  Sale 
on  Selected  National  Forests  For  Fiscal  Years  1981-2010  (in  MBF)a 


FISCAL  YEAR 


Nati onal 
Forest  Lands 

1981 

1982 

1983 

1984 

1985 

1986- 

1990 

1991  - 
2000 

2001  - 
2010 

Beaverhead 

23,000 

22,000 

24,000 

24,000 

25,000 

31 ,000 

36,000 

40,000 

Deer  Lodge 

18,000 

15,000 

17,000 

17,000 

18,000 

25,000 

30,000 

34,000 

Hel ena 

12,065 

15,000 

17,000 

19,000 

20,000 

26,000 

30,000 

34,000 

E 

53,065 

52,000 

58,000 

60,000 

63,000 

82,000 

96,000 

108,000 

Note: 

a)  Projections 

for  FY82- 

2010  utilize  the 

Resource 

Policy  Act 

(RPA) 

high  projections. 

Sources:  Reference  51  for  FY81  data;  Reference  35,  pp.  139,  145,  151  presents  the 

FY82-2010  projections. 
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TABLE  4-18. --Forest  Habitat  or  Community  Types  Present  by  Land  Use  Class 
Within  the  Deer  Lodge  National  Forest  (in  Acres) 


HABITAT  TYPE  GROUPING;  "PRY  DOUGLAS  FIR  SITES"a>b 


Land  Use  Class0 

Psme/Caru 

Psme/Cage 

Psme/Spbe 

Psme/Aruv 

Psme/Arco 

Psme/Syor 

£ 

500 

51 ,376 

210 

0 

0 

60 

80 

51,726 

600 

93,193 

370 

25 

0 

967 

0 

94,555 

700 

62,742 

295 

75 

0 

280 

0 

63,392 

£ 

207,311 

875 

100 

0 

1 ,307 

80 

209,673 

HABITAT  TYPE 

GROUPING: 

"MOIST  DOUGLAS 

FIR  SITES"3  »b 

Land  Use  Class0 

Psme/Phma 

Psme/Vagl 

Psme/Libo 

£ 

500 

815 

6,767 

5,903 

13,485 

600 

1,184 

2,502 

11  ,245 

14,931 

700 

7,637 

3,758 

6 002 

17,397 

£ 

9,636 

13  ,027°* 

23,150 

45,813  (plus 

6,200  acres 

of  mixed  spruce/ 

Douglas  fi r/Lodgepole  pine  = 52,013  acres) 


Notes: 


a)  Descriptions  of  the  various  habitat  types  can  be  found  in  P.  D.  Pfister  et  aj_. , Reference  52. 

b)  Habitat  type  grouping  is  related  to  fuel  loading  and  habitat  type  fire  groups  as  discussed  in 
Brown  and  See,  Reference  16. 

c)  LUC  Series  500  is  the  non-reserved  standard  component;  the  "objective  of  Silvicultural  prescription  will  be 

to  maximize  forest  products  realization  with  proper  site  protection"  (Reference  27,  p.  3).  Production  from 
LUC  Series  600  (Special  Component--Non-P,eserved)  will  vary  from  full  potential  yields  to  salvage  and 
sanitation  cutting  only  (Peference  27,  p.  4).  The  LUC  Series  700  is  the  Marginal  Component  Non-Reserved. 
"This  is  the  portion  of  the  regulated  commercial  forest  land  that  is  not  included  in  standard  or  special 
primarily  because  of  excessive  development  cost,  low  product  values,  or  resource  protection  requirements" , 
as  defined  in  the  Forest  Service  Manual.  Section  2412.15  (Reference  27,  p.  11). 

d)  Represents  a 50:50  ratio  between  Douglas  fir  and  lodgepole  pine,  in  terms  of  percent  crown  cover. 

e)  Representa  a 50:50  ratio  between  subalpine  fir  and  Douglas  fir,  in  terms  of  percent  crown  cover. 

f)  Represents  a 50:50  ratio  between  subalpine  fir  and  lodgepole  pine,  in  terms  of  percent  crown  cover. 


Sources:  See  References  26  and  27. 
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TABLE  4-18. --Forest  Habitat  or  Community  Types  Present  by  Land  Use  Class 
Within  the  Deer  Lodge  National  Forest  (in  Acres)  (Continued) 


COMMUNITY  TYPE  GROUPING:  LODGEPOLE  PINE  SITES,  SPECIES  CROWN  COVER  GREATER  THAN  80  PERCENT9 »b 


Land  Use  Class0 

Abl  a/ 
Vaca 

Abl  a/ 
Libo 

Abl  a/ 
Mefe 

Abl  a/ 
Xete 

Abl  a/ 
Vagi 

Abl  a/ 
Vase 

Abl  a/ 
Al  si 

Abl  a/ 
Arco 

Abl  a/ 
Cage 

Z 

500 

7,343 

8,428 

13,239 

36,098 

2,085 

50,945 

90 

29 

0 

118,257 

600 

8,016 

11 ,231 

10,176 

15,107 

1 ,907 

75,420 

210 

146 

275 

122,488 

700 

1 ,410 

11  ,161 

10,815 

17,429 

2,061 

49,009 

296 

559 

0 

92,740 

Z 

16,769 

30,820 

34,230 

68,634 

6,053 

175,374 

596 

734 

275 

333,485 

HABITAT- TYPE  GROUPING:  "SURALPINE  FIR  SITES,  LODGEPOLE  PINE  CROWN  COVER  < 50  PERCENT9 


Land  Use  Classc  Abla/Gatr  Abla/Caca  Abla/Caru  Abla/CIps  Z 


500 

415 

o 

o 

CO 

10 

15 

1 ,740 

600 

2,855 

2,408 

42 

0 

5,305 

700 

1 ,530 

1 ,196 

428 

245 

3,399 

E 4 ,800e  4 ,904 f 480  260  10,444 


Notes:  a)  Descriptions  of  the  various  habitat  types  can  be  found  in  P.  D.  Pfister  et  al . , Reference  52. 

b)  Habitat  type  grouping  is  related  to  fuel  loading  and  habitat  type  fire  groups  as  discussed  in 
Brown  and  See,  Reference  16. 

c)  LUC  Series  500  is  the  non-reserved  standard  component;  the  "objective  of  Silvicultural  prescription  will  be 

to  maximize  forest  products  realization  with  proper  site  protection"  (Reference  2,  p.  3).  Production  from 
LUC  Series  600  (Special  Component--Non-Reserved)  will  vary  from  full  potential  yields  to  salvage  and 
sanitation  cutting  only  (Reference  27,  p.  4).  The  LUC  Series  700  is  the  Marginal  Component  Non-Reserved. 
"This  is  the  portion  of  the  regulated  commercial  forest  land  that  is  not  included  in  standard  or  special 
primarily  because  of  excessive  development  cost,  low  product  values,  or  resource  protection  requirements", 
as  defined  in  the  Forest  Service  Manual,  Section  2412.15  (Reference  27,  p.  11). 

d)  Represents  a 50:50  ratio  between  Douglas  fir  and  lodgepole  pine,  in  terms  of  percent  crown  cover. 

e)  Represents  a 50:50  ratio  between  subalpine  fir  and  Douglas  fir,  in  terms  of  percent  crown  cover. 

f)  Represents  a 50:50  ratio  between  subalpine  fir  and  lodgepole  pine,  in  terms  of  percent  crown  cover. 

Sources:  See  References  26  and  27. 
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TABLE  4-19. — Timber  Harvest  Groupings  (Relative  Proportions  of  the  CFL  Rase),  and  Subsequent  Estimates 
of  Shelterwood  vs.  Clearcutting  Within  a 25-Mile  Radius  of  Anaconda  (in  Acres) 

A.  HARVEST  GROUPINGS  LOW  ESTIMATE  HIGH  ESTIMATE 


1.  "High  elevation"  subalpine  fir  types  (0.0000)a 

0 

0 

2.  "Low  elevation"  Douglas  fir  types  (Caru,  Cage,  Spbe, 
Aruv,  Arco,  Syor);  0.2597,b  0.0866° 

54,274b 
18 ,098c 

82  ,756b 
27,596° 

3.  Douglas  fir/bunchgrass  (warm)  sites;  0.0000c 

0 

0 

4.  Douglas  fir  cool  sites  (Vagi,  Phma,  Libo);  0.0859c 

1 7 ,952c 

27,373° 

5.  Subalpine  fir  cool  sites  (Caca,  Gatr,  Caru,  Clps); 
(0 .01 72)c 

3 ,595c 

5 ,481 c 

6.  Lodgepole  pine  dominated  sites  (Vaca,  Libo,  Mefe, 

Xete,  Vagi,  Vase,  Alsi,  Arco,  Cage);  (0.2753,b  0.2753)c 

57  ,534b 
57,534C 

87  ,727b 
87,727° 

B.  SHELTER  WOOD  VS.  CL EAR CUT  ACRES  YEAR"1  WITHIN  THE  STUDY  AREA  (SUMMARY )d 

1.  Shelter  wood  cut:  1,030  to  1,571  acres. 

2.  Clearcut:  1,185  to  1,807  acres. 

Notes:  a)  Proportions  calculated  using  the  data  from  Table  4-18. 

b)  Clearcutting  removes  approximately  100  percent  of  the  merchantable  biomass  acre."^ 

c)  Shelter  wood  cutting  removes  about  60  percent  of  the  biomass  acre”!  in  the  first  cut,  while  the 
the  remainder  is  harvested  approximately  20  years  later. ^4  The  proportion  of  clearcut  to 
shelter  wood  cut  was  assumed  to  be  75:25  and  50:50  for  harvest  groups  2 and  6,  respectively; 
groups  4 and  5 were  designated  to  shelter  wood  cutting  only. 

d)  The  long-term  rate  of  access  was  calculated  as  the  mean  of  0.85  percent  year  (i.e.,  1976)  plus  1.5 
times  this  mean  (i.e.,  1.275  percent)  in  2010,  for  a value  of  1.06  percent  year.-^ 
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TABLE  4-20. --Estimated  Variability  in  Logging  Residue  Production 
Within  the  25-Mile  Radius  Study  Area  (in  Green  Tons  per  Year)3 


LOW 

ESTIMATE 

HIGH 

ESTIMATE 

Harvest  Group 

Clearcut 

Shelter  Wood 

Clearcut 

Shelter 

2 

7,019 

1 ,404 

10,702 

2,141 

4 

-- 

1 ,393 

-- 

2,124 

5 

-- 

434 

— 

662 

6 

20,125 

12,075 

30,687 

18,412 

E 

27,144 

15,306 

41 ,389 

23,339 

ZZ  42,450  64,728 


Note:  a)  See  Table  4-19  for  explanation  of  harvest  group  terminology,  plus 

necessary  data  and  assumptions  utilized  in  making  the  above  calculations. 
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TABLE  4-21 .--Summary  of  Phone  Interviews  with  Pertinent  (Regional)  Sawmill  Plus  Post  and  Pole  Operators 


A.  SAWMILLS 
County 
Beaverhead 


Rroadwater 


Granite 


Firm  Size  Class5 

F . H.  Stol tze  Land  n 

and  Lumber  Co. , 

Dillon 


Wilke  Brothers  Saw-  A 

mill,  Wi sdom 

Wickes  Forest  Industries,  D 

Townsend 


Hall  Lumber  Co. , Hall  B 


Ray  Lucier  Sawmill,  a 

Maxville  (Retired 

operator) 


Comments 


The  coarse  and  fine  mill  wastes  are  sold  to  the 
Champion  International  (C.  I.)  linerboard  opera- 
tions located  at  Frenchtown,  Montana.  A "minimal 
amount"  of  bark  remains  uncommitted. 

Small  tonnages  are  currently  generated,  and  are 
"dumped  on  adjacent  farmer's  fields." 

C.  I.  has  constructed  a reload  facility  for  rail 
haulage  of  chips  and  sawdust  to  their  Frenchtown 
operations.  The  Louisiana  Pacific  (L.  P.) 
particle  board  plant  (Missoula)  has  contracted 
for  the  planer  shavings.  The  Wickes'  hogfuel  is 
sold  to  a decorative  bark  manufacturing  firm, 
with  their  excess  then  resold  to  C.  I.  for  steam 
generation. 

About  35  dry  tons  per  day  are  trucked  to  the  C.  I. 
Frenchtown  operations.  An  unspecified  amount 
of  bark  is  also  shipped  for  C.  I.'s  use  as 
hogfuel.  The  sawdust  and  planer  shavings  are 
committted  to  the  LP  Missoula  operation. 

Although  no  records  were  kept,  Mr.  Lucier  thought 
hundreds  of  tons  per  year"  of  wastes  were 
produced;  they  were  usually  dozer  piled  and  then 
burned.  In  the  recent  past,  C.  I.  offered  to 
construct  a collector  bin  for  acquisition  of 
sawdust  and  planer  shavings. 


• O 


4-67 


© © 


TARLF  4-21 .--Summary  of  Phone  Interviews  with  Pertinent  (Regiona 


County 


Firm 


Size  Class3 


powell  Peer  Lodge  Wood  A 

Products,  Inc., 

Deer  Lodge 


Louisiana  Pacific  Corp.,  F 

Deer  Lodge 


Silver  Row  Arthur  Dick  Sawmill,  A 

Rutte 


R.  POST  AND  POLE  PROCESSORS  Plant  Typeh 

Reaverhead  Raymond  Weaver  Post 

and  Pole,  Wisdom 


Granite  Granite  Timber  and 

Treating  Plant, 

Phi  1 ipsburg 


) Sawmill  Plus  Post  and  Pole  Operators  (Continued) 


Comments 


The  sawdust  is  used  locally  by  the  State  Prison 
Farm  and  local  ranchers  for  animal  bedding.  The 
slabs  from  rough  cutting  4 x 4 in.  and  8 x 8 in. 
lumber  are  burned  for  space  heating.  The  owner's 
wife  expressed  doubt  as  to  the  long-term  avail- 
ability of  a large,  uncommitted  residue  supply. 

Their  total  wastes  are  chipped,  then  either  sent 
to  their  Missoula  operations  or  sold  to  C.  I.  for 
hogfuel . "This  arrangement  will  expectedly 
continue  into  the  future." 

Approximately  ID  tons  per  day  of  fine  and  coarse 
mill  wastes  plus  "three  truck  loads"  of  bark- 
wood  are  produced  from  pole  peeling  operations  per 
day.  They  are  currently  negotiating  with  C.  I. 
for  sale  of  these  wastes. 


About  15  to  20  tons  per  day  of  chips  containing 
bark  are  produced  from  pole  peeling  operations;  as 
they  aren't  committed,  disposal  usually  involves 
dozer  piling  followed  by  burning. 

An  estimated  10  to  15  tons  per  day  of  all  wastes 
are  produced.  The  slabs  are  either  burnt  at  the 
mill  or  bundled  and  sold  locally  for  residential 
space  heating.  The  wastes  are  not  committed  to 
C.  I.  or  any  other  large  operation. 
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TABLE  4-21 .--Summary  of  Phone  Interviews  with  Pertinent  (Regional)  Sawmill  Plus  Post  and  Pole  Operators  (Continued) 


County 


Firm 


Plant  Type^ 


Comments 


Jefferson 


Pipestone  Post  and 
Pole,  Whitehall 


T-NP 


An  estimated  20  to  30  tons  per  year  of  wood/bark 
chips  are  produced.  These  wastes  are  not 
committed  to  other  uses  (e.g.,  C.  I.) 


Robbins  Posts,  Whitehall  CS-NP 


No  mill  wastes  are  produced. 


Sil ver  Row 


Montana  Pole  and  Treating 
Plant,  Rutte 


P 


The  startup  of  sawmill  operations  could  generate 
about  10  tons  per  day  (assuming  a good  market). 
C.  I.  has  already  offered  to  purchase  the 
wastes  for  hogfuel . 


Notes: 

a)  Interpretation  of  size  classes  as  follows:  A = less  than  3,000  MBF  per  year,  B = 3,000-5,000  MBF  ner  vear 

0 = 10,000-25,000  MRF  per  year,  E = 25,000-50,000  MBF  per  year.  P Y ’ 

b)  I nterpretat i on  of  treatment  type:  CS  = cold  soak;  NP  = non-pressure;  P = pressure;  T = thermal . 

Source:  Phone  interviews  conducted  by  the  author  on  October  1 and  5,  1981. 
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TABLE  4-22 .--Sawmi 11  and  Plywood  Plant  Mill  Residue  Production 
(1976)  Within  the  General  Study  Area  (in  Rone-Dry  Units)3 


€ 


COUNTY  GROUPINGS 


MILL  RESIDUE  TYPE 

Reaverhead, 
Gallatin,  Madison 

Granite,  Powel 1 , 
Raval 1 i , Si  1 ver  Bov 

Bark: 

Unused 

6,574 

16,879 

Used 

Hogfuel 

7,885 

9,759 

Other 

1 ,182 

14,459 

27,820 

Fine  Residue: 

Unused 

5,864 

10,822 

Used 

Hogfuel 

6,177 

14,525 

Board  Plants 

Pulp/Paper 

10,611 

18,238 

Other 

22,652 

43,585 

Coarse  Residue: 

Unused 

1 ,825 

960 

Used 

Hogfuel 

827 

Pulp/Paper 

17,618 

39,916 

Other 

827 

21 ,097 

40,876 

RESIDUE  TOTALS 

Unused 

14,263 

28,661 

Used 

43,945 

83,620 

Note:  a)  One  bone  dry 

unit  equals  2400  pounds  oven 

dry  weight  or  approximately 

4,800  "green" 

pounds. 

Source:  Mr.  Charles  Keegan  III,  Ref.  56 

€ 
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TABLE  4-23 .--Summary  of  Solid  Waste  Transport  Costs  from  Local 
Landfill  Sites  to  the  FGE  Facility  (in  1981  Dollars  Per  Ton) 


LANDFILL  LOCATION 
(MILES  FROM  FGE  SITE* 

HAUL  METHOD 

Roll-off  Container9  Transfer  Trailer*3 

Anaconda  (3)* 

2.62 

1.68 

Rutte  (27)* 

23.60 

15.09 

Deer  Lodge  (26)* 

22.72 

14.53 

NOTES: 

a)  Assumes  the  use  of  a 40  cubic  yard  compacted  roll-off  container  truck  having  a 
crew  size  of  1 and  haulage  capacity  of  10  tons;  general  operating  costs  were  set 
at  $1.47  per  mile,  while  round-trip  haul  costs  were  set  at  $0.29  per  ton  per  mile. 

b)  Assumes  the  use  of  a 65  cubic  yard  transfer  tailer  having  a crew  size  of  1 and 
haulage  capacity  of  18  tons;  general  operating  costs  were  set  at  $1.61  per  mile, 
while  round-trip  haul  costs  were  set  at  $0.19  per  ton  per  mile. 

SOURCE: 

The  costs  (in  1976  dollars)  were  taken  from  Table  A-6  from  Ref.  59;  they  were 
adjusted  to  1981  dollars  using  1976  and  estimated  1981  wholesale  price  indices 
of  183.0  and  295,  respectively. 
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TABLE  4-24 .--Summary  of  Resource  Inventories  for  the  25-Mile  Radius 
Study  Area  Expressed  in  Units  , of  Green  Tons  Per  Year 


AVAILABILITY  ESTIMATE 


FEEDSTOCK  COMPONENT 


Low  Estimate  High  Estimate 


Logging  Residues3 
Mill  Residues*3 

Wood  Fiber  Recovery /Recycl i ngc 


27,592  (28.9)d 
17,170  (18.0) 
6,390  (6.7) 


42,073  (44.1) 
25,754  (27  .0) 
9,060  (9.5) 


Z 51  ,152  (53.6)  76,887  (80.6) 


Notes: 

a)  Assumes  65  percent  availability  of  the  values  given  in  Table  4-20; 
the  rationale  for  reducing  the  totals  in  the  face  of  competition  with 
residential  wood  users  is  discussed  in  Subsection  4. 3. 2. 2. 

b)  See  subsection  4. 3. 1.2  for  the  derivation  of  these  estimates. 

c)  The  low  estimate  represents  an  average  of  the  1981  and  1990  Class  III 
waste  projections  of  solid  waste  production  within  the  study  area  using 
1976  study  data;  1980  study  data  was  utilized  to  prepare  the  high  estimate. 
Subsection  4. 3. 2.1  offers  discussions  on  the  derivations  of  these  estimates. 

d)  The  figures  in  parantheses  are  percentages  of  total  annual  green  ton 
reguirements  for  FGE  production  alone  for  a 2.5  million  GPY  production 
facility. 
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5.0  ECONOMIC  ANALYSIS 


Analysis  of  the  operating  economics  of  the  plant  has  been  done  on  an  annual 
basis.  Initial  investment  consists  of  the  total  installed  cost  of  the  faci- 
lity of  $11,847,000  plus  an  additional  $592,000  (5%  of  plant  costs)  for 
working  capital.  Unit  cost  and  quantities  of  inputs  are  listed  in  Table  5-1, 
as  are  the  estimated  quantities  and  unit  prices  of  alcohol  and  saleable  by- 
products. All  daily  quantities  are  multiplied  by  330  to  reach  annual  pro- 
duction figures. 

Estimates  of  profit  before  allowance  for  taxes  and  interest  payments  have 
been  made  using  waste  wood  feedstock  costs  of  $30,  $40,  and  $50  per  ton 
(Table  5-2).  Only  the  wood  waste  price  was  varied  since  it  dominates  all 
other  input  costs  (at  $30/ton  the  feedstock  makes  up  56%  of  the  total  oper- 
ating costs).  Upon  performing  a cursory  analysis  it  was  immediately  obvious 
that  the  two  higher  wood  waste  prices  are  not  feasible  since  they  result  in 
substantial  losses  even  before  any  allowance  for  taxes  and  interest  expense 
is  considered. 

The  next  step  in  the  analysis  proceeded  using  $30/ton  as  the  single  wood 
waste  cost  considered.  Interest  costs  were  evaluated  assuminq  funds  would 
have  to  be  borrowed  to  cover  both  the  plant  costs  and  the  working  capital 
costs.  Because  interest  rates  have  been  so  volatile  for  the  past  few  years, 
one  cannot  help  but  be  skeptical  of  any  rate  chosen;  12%  was  chosen  as  an 
approximate  but  hopefully  realistic  estimate  of  future  interest  costs. 
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Total  funds  borrowed  will  be  $12,439,251  (Table  5-3,  Part  A,  I).  Assuming 
a loan  payback  schedule  of  20  equal  year-end  payments  and  a twelve  percent 
rate  of  interest,  average  annual  interest  costs  will  be  $1,043,390  over  the 
20  year  period  (Table  5-3,  Part  A,  II).  This  results  in  an  estimated  before 
tax  loss  of  $343,000  annually. 


Keeping  the  feedstock  price  at  $30  per  ton,  the  interest  rate  was  varied  to 
determine  what  interest  rate  was  required  to  produce  a break-even  result. 
The  facility  would  break-even  if  the  interest  was  approximately  8 3/4% 
(Table  5-3,  Part  A,  III).  This,  of  course,  is  well  below  current  market 
rates  of  interest  andis  not  a reasonable  estimate  of  the  level  of  interest 
rates  for  the  near  future. 


Finally,  the  12%  interest  rate  scenario  was  reworked  with  wood  waste  cost 
varied  to  determine  that  cost  per  ton  which  would  allow  break-even  opera- 
tion while  paying  the  more  realistic  interest  rate.  The  resulting  cost 
was  $26.50  per  ton  (Table  5-3,  Part  R,  I). 
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TABLE  5-1.—  Fuel  Ethanol  Production  from  Wood  Waste 


2.5  Million  GPY 
330  Day  Operating  Year 

PLANT  INPUTS 


Wood  Waste 

305  green  tons/day  0 $30-40-50  T 

♦Sulfuric  Acid 

8.4  tons/day  0 $74.25  T 

*Hydrated  Lime 

4.77  tons/day  0 $42.50 

Electricity 

54,528  KWH/day  0 0.039  KWH 

Coal  (Rosebud) 

63.5  tons/day  0 $20.00  T 

**Water 

500,000  gal /day  0 0.70  Mgal 

PLANT  OUTPUTS 
*Ethanol , Anhydrous 

7,600  gal /day  0 $2.00  gal 

♦Methanol , Anhydrous 

364  gal /day  0 $0.75  gal 

♦Furfural , Tech.  Grade 

3,000  lb/day  0 $0.66  lb 

* Price  Basis:  Chemical  Marketing  Reporter,  November  16,  1981 


♦♦Price  Basis:  Butte  Water  Company, 

Industrial  Rate,  November  30,  1981. 

11-30-81  JHW 
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TABLE  5-2. —Estimated  Annual  Operating  Costs,  Gross  Revenues  and 
Profit  Before  Taxes  and  Interest  Expense  (in  Thousands  of  Dollars) 


* 


Estimated  Operating  Costs: 


Wood  Waste  Costs  ($/green  ton) 

$30 

Wood  Wastes  (100,650  tons) 

Sulfuric  Acid  (2,772  tons) 

Hydrated  Lime  (4,574  tons) 

Electricity  (17,994  MWH ) 

Coal  (20,955  tons) 

Water  (165,000,000  gal.) 

Labor  (10  people) 

Depreciation  (20  years,  straight  line) 

$3020 
$ 206 
$ 67 
$ 702 
$ 419 
$ 116 
$ 298 
$ 592 

Total  Operating  Costs 

$5420 

Estimated  Annual  Revenues: 

Anhydrous  Ethanol  (2,500,000  gal.) 
Anhydrous  Methanol  (120,000  gal.) 
Tech.  Grade  Furfural  (990,000  lbs.) 
Syrup  (3,960  tons) 

$5000 
$ 90 
$ 653 
$ 277 

Gross  Revenue 

$6020 

Net  Profit  or  (Loss)  before  Interest  and  Taxes  $ 700 


$40  $50 

$4026  $5033 


$6426  $7433 


$6020  $6020 


($  406 1 (JHJ21 


5-4 


TABLE  5-3 .--Capital  Cost  and  Alternative  Interest  Scenarios 
(All  Figures  are  in  Thousands  of  Dollars) 


A.  Wood  Wastes  at  $30/Ton 

I.  Capital  Requirements 

Plant  Costs $11 ,847 

Operating  Capital $ 592 

Total $12,439 

II.  Alternative  Estimates  of  Interest  Costs  and  After  Interest 
Profit 

(1)  Interest  Expenses  and  Profits;  20  Year  Loan  at 
12%  Interest  Rates: 

Average  Annual  Interest  Expense  $ 1,043 

Average  Annual  Principal  Repayment.  . . . $ 622 

Total  Annual  Loan  Payment $ 1,665 

Profit  Refore  Interest  Expense $ 700 

Interest  Expense $ 1,043 

Profit  (Loss)  Net  of  Interest ($  434) 

III.  Break  Even  Rate  of  Interest: 

Interest  Rate  Which  Generates  $700  Average 

Annual  Interest  Expense  = 8.75%  (approximate) 

R.  Wood  Waste  Price  Allowed  to  Vary 

I.  Break  Even  Wood  Waste  Cost  with  12%  Interest  Rate  = $26. 50/Ton 
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6.0  CONCLUSIONS  AND  RECOMMENDATIONS 


6.1  CONCLUSIONS  ON  TECHNICAL  ANO  ECONOMIC  FEASIBILITY 

Fuel  ethanol  production  at  Anaconda,  Montana,  was  found  to  be  technically 
feasible  by  employing  the  Madison  Wood  Sugar  Process  coupled  with  conventional 
fermentation  and  distillation  systems.  A preliminary  design  was  prepared  for 
the  subject  plant,  incorporating  current  technology  through  all  unit  opera- 
tions. By  the  inclusion  of  modern  equipment  and  provisions  for  unit  automa- 
tion, a considerably  more  reliable  and  efficient  plant  resulted  as  compared 
to  the  original  Madison  process  plant  of  World  War  II  vintage. 

Bark  contents  of  the  wood  waste  feedstock  will  have  a marked  effect  upon  the 
alcohol  yield  efficiency  of  this  plant,  since  tree  barks  in  general  contribute 
little  to  the  alcohol  production  from  wood  waste.  This  problem  was  addressed 
in  perfecting  the  preliminary  plant  design,  to  maximize  ethanol  yield  from 
the  feedstock.  Steam  explosion  equipment  was  designed  into  the  plant  for  this 
purpose,  to  incorporate  physical  and  chemical  changes  in  the  incoming  wood 
stream  through  autohydrolysis  and  to  effect  manifold  magnification  of  particle 
surface  exposure  prior  to  the  conventional  acid  percolation-hydrolysis  step 
of  the  Madison  Wood  Sugar  Process. 

A total  plant  capital  investment,  including  land,  of  $11,847,000  would  be 
required  in  1981  U.  S.  dollars,  for  the  plant  rated  at  2.5  million  gallons 
annual  production  capacity.  The  total  plant  cost  figure  resulted  from 
detailed  estimates  by  individual  plant  components  through  direct  contact 
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with  equipment  suppliers  and  by  application  of  the  Richardson  plant  construc- 
tion standards.1  Findings  on  plant  costs  are  consistent  with  other  published 
estimates  for  similar  wood-to-ethanol  plants,  when  plant  production  capacity 
and  annual  inflation  rates  are  considered. 

Detailed  study  and  assessment  of  wood  waste  resources  available  for  a fuel 
ethanol  plant  at  Anaconda  revealed  that  wood  waste  supplies  were  inadequate, 
at  least  for  a plant  producing  2.5  million  gallons  of  anhydrous  alcohol  per 
year.  In  fact,  a maximum  of  87  percent  of  the  plant's  requirement  would  be 
available,  for  alcohol  production  alone.  An  operating  radius  of  25  miles  was 
found  to  be  realistic,  in  economic  terms,  for  wood  waste  gathering  and  hauling 
to  the  plant. 

Some  critical  features  were  pinpointed  for  the  reliability  of  wood  waste 
supply  volumes  for  an  ethanol  plant,  over  its  useful  life,  perhaps  made  more 
obvious  by  events  during  the  particular  time  period  in  which  the  wood  re- 
sources survey  took  place.  The  following  factors  are  apparent  from  the 
survey  findings: 

A.  In  considering  the  safety  of  investment  in  the  subject  plant,  a 

factor  of  singular  importance  is  the  recognition  that  its  primary 
feedstock  supply  is  the  refuse  byproduct  of  the  logging  and  sawmill- 
ing industries.  Therefore,  the  ethanol  plant  functions  unavoidably 
in  an  umbilical  relationship  with  these  waste  producing  industries, 


1 Process  Plant  Construction  Estimating  Standards,  Volumes  1-4,  Richardson 
Engineering  Service,  Inc.,  1981. 
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relying  entirely  upon  the  level  of  logging  and  milling  activity  at 
any  given  time  to  dictate  the  total  amount  of  wood  waste  available 
for  the  various  uses  that  are  made  of  it.  Reminders  of  the  serious- 
ness of  this  factor  have  been  numerous  during  the  course  of  the 
resource  study,  when  national  economic  conditions  have  forced 
drastic  curtailment  of  logging,  milling,  and  pulping  activities. 

B.  Competition  for  the  available  wood  waste  supply  is  a matter  of  sub- 
stantial consequence.  In  the  resource  study  area  for  this  plant 
it  became  apparent  that  removal  of  wood  waste  for  plywood  and  chip- 
board manufacture  has  escalated  markedly  in  recent  years,  along 
with  increased  utilization  for  boiler  fuel  among  paper  manufacturers. 
Industrial  users  are  by  no  means  the  only  serious  competition  for 
wood  waste,  because  of  rapid  increases  in  demand  for  saw  logs  by 
individual  citizens  for  home  heating. 

When  published  study  findings  on  residential  use  of  firewood  from 
other  Montana  areas  were  extrapolated  to  the  Butte-Anaconda  area, 
it  was  found  to  be  conceivable  that  upwards  of  half  the  total  wood 
residue  in  the  study  area  may  be  requested  for  private  use.  Given 
the  national  trends  of  increasing  fossil  fuel  costs  and  expansion 
of  wood  use  for  home  heating,  it  is  possible  that  homeowners  will 
take  precedence  in  time  over  industrial  users  when  wood  waste 
resources  are  allocated  from  public  lands. 
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C.  Changing  conditions  in  the  national  economy,  and  particularly  in 
energy  costs  and  liquid  fuel  supply-demand  ratios,  will  continue  to 
present  a fundamental  question  for  wood-to-ethanol  processing;  viz., 
whether  it  is  more  favorable  economically  and  in  energy  economy  to 
harvest  the  energy  from  wood  waste  directly  through  combustion  or 
by  conversion  to  fuel  ethanol  through  chemical  processing. 

Economic  analysis  of  the  potential  business  to  be  created  by  operation  of  the 
subject  plant  did  not  result  in  a forecast  of  profitability  under  economic 
conditions  that  could  be  foreseen  at  the  time  of  the  analysis.  The  total 
capital  requirement  for  plant  ownership  and  operation  was  estimated  to  be 
$12,439,251,  and  it  was  assumed  as  a base  case  that  all  funds  would  be  borrowed 
at  12  percent  interest  rate  with  a 20-year  loan  payback  schedule.  With  these 
parameters  in  place,  the  business  was  forecasted  to  lose  $343,000  annually. 
Rreak-even  analyses  of  economic  data,  holding  all  other  factors  of  the  base 
case  constant  and  varying  interest  rate  alone,  revealed  business  break-even 
at  8.75  percent  interest  rate.  Similarly,  with  the  base  case  held  constant 
and  wood  waste  cost  varied,  break-even  was  forecasted  at  a feedstock  cost  of 
$26.50  per  ton.  This  feedstock  cost  compares  with  $30.00  per  ton  found  to  be 
realistic  for  forest  resource  conditions  affecting  a plant  situated  at 
Anaconda,  Montana. 

The  findings  through  economic  analysis  on  the  subject  plant  should  not  be 
extrapolated  literally  to  other  potential  plant  locations  in  Montana.  In 
fact,  the  combined  factors  of  preselected  plant  site  and  plant  production 
capacity  served  to  magnify  problems  in  wood  resource  quality  and  quantity 
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that  are  somewhat  unique.  Since  feedstock  costs  were  shown  to  be  the  single 
most  dominant  feature  of  plant  economics,  representing  56%  of  total  operating 
costs  in  the  base  case,  feedstock  conditions  at  the  Anaconda  site  exerted  a 
major  influence  on  negative  profitability  forecasted  for  the  plant. 

Plant  operating  radius  (i.e.,  the  wood  waste  gathering  radius  necessary  to 
sustain  plant  production)  is  the  major  controlling  variable  in  determining 
delivered  feedstock  cost,  largely  because  of  freight  costs  involved.  There- 
fore, both  quality  and  quantity  of  wood  waste  available  in  a given  area 
become  critical  economic  features  in  potential  plant  site  selections. 

Other  wood  resource  bases  in  Montana  may  have  the  potential  to  present  improved 
profitability  capabilities  in  a wood-to-ethanol  plant  venture.  Thompson 
Falls,  Libby,  Dillon,  and  Phillipsburq  appeared  to  offer  considerably  more 
attractive  resource  characteristics,  from  summary  figures  examined  in  this 
study.  It  should  be  emphasized,  however,  that  none  of  these  wood  resource 
centers  were  examined  with  the  detail,  depth,  and  precision  focused  upon  the 
Anaconda  plant  site. 

6.2  RECOMMENDATIONS 

The  preliminary  plant  design  devised  in  this  study  is  satisfactory  for  instal- 
lation in  forested  sections  of  Montana  in  general.  This  plant  design  should 
be  kept  intact  as  a package  unit  for  examination  of  other  areas  in  the  state 
where  improved  conditions  of  potential  profitability  may  exist. 
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Wood  waste  resource  bases  in  Montana  should  be  examined  in  detail  to  locate 
potential  plant  sites  offering  substantially  higher  levels  and  higher  quality 
of  wood  waste  availability  than  those  presented  by  an  assumed  Anaconda, 
Montana  plant  site.  Delivered  feedstock  cost  will  be  a most  important  variable 
in  plant  economics.  Moreover,  feedstock  gathering  radius  will  be  a controll- 
ing variable  in  that  expense  because  freight  costs  make  up  such  a high  pro- 
portion of  the  total  delivered  cost  for  plant  feedstock.  Methods  described 
in  this  report  for  systematic  estimation  of  radius  of  economic  feasibility 
should  be  applied  when  other  forest  resource  bases  are  examined  as  potential 
plant  sites  for  fuel  ethanol  production  from  wood  wastes. 

In  judging  adequacy  of  wood  resources  for  a potential  plant  site,  due  con- 
sideration must  be  given  to  the  definition  of  an  acceptable  margin  of  safety 
to  ensure  likelihood  of  plant  operation  during  periods  of  low  logging  and 
milling  activities.  Developments  in  recent  times,  whereby  these  industries 
have  been  drastically  suppressed,  underline  the  need  for  careful  attention 
to  this  factor. 

In  projecting  feedstock  requirements  over  an  expected  plant  life,  competitive 
forces  at  work  in  wood  waste  demand  in  a forest  area  should  be  assessed  with 
a stringent  view.  In  particular,  careful  attention  should  be  directed  to  the 
trend  for  increasing  demands  on  wood  waste  supplies  for  home  heating  fuel. 
This  well  established  trend  is  a reasonably  recent  addition  to  wood  waste 
supply-demand  circumstances,  and  was  found  to  represent  a competition  factor 
of  no  mean  proportions  in  this  study.  This  factor,  coupled  with  the  require- 
ments of  other  industrial  users  of  wood  resources,  suggests  that  long-term 
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feedstock  requirements  for  wood-to-ethanol  plants  may  place  those  plants 
some  safe  distance  from  centers  of  human  population. 

Plant  production  capacity  should  be  optimized  to  fit  the  wood  resource  base, 
and  certain  minor  alterations  in  the  preliminary  plant  design  may  be  in  order 
after  a more  highly  acceptable  plant  location  has  been  selected.  For  example, 
improvements  in  long-term  plant  operating  costs  may  be  possible  by  substitu- 
tion of  a wood-fired  boiler  system  for  the  coal-fired  system  required  for 
the  Anaconda,  Montana  plant  siting  case  studied  here.  The  resource  base,  of 
course,  would  have  to  be  present  to  justify  this  change  in  expected  design 
requi rements . 
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7.0  MODIFICATIONS  OF  THE  MADISON  WOOD  SUGAR  PROCESS 


7.1  INTRODUCTION 

The  original  Madison  wood  sugar  process J which  offered  glucose  yield  improve- 
ments over  the  basic  Scholler  process, 2 relied  upon  direct  introduction  of 
ground  wood  stock  to  digestion  chambers  for  hydrolysis  with  a mineral  acid 
solution.  The  Madison  improvement  consisted  essentially  of  reduced  steam 
requirements  at  the  digestion  stage  and  lower  sugar  decomposition  rates;  thus 
an  increase  was  gained  in  overall  sugar  recovery  and  subsequent  ethanol  yields. 

An  alcohol  yield  problem  inherent  in  the  Scholler  process,  and  brought  forward 
into  the  Madison  process,  was  the  very  low  alcohol  yield  potential  of  the 
bark  component  in  wood  waste  feedstocks.  Pilot  plant  tests  conducted  by 
Harris  and  Beglinger^  as  process  development  leading  to  the  Madison  process 
quantified  the  ethanol  yield  potential  of  Douglas  fir  bark.  When  their 
digester  feed  contained  25  percent  bark,  oven  dry  basis,  only  7 percent  of 
the  alcohol  yield  obtained  was  derived  from  bark.  Conversely,  93  percent  of 
total  alcohol  yield  resulted  from  bark-free  wood. 

In  the  plant  complex  considered  here,  it  is  anticipated  that  wood  waste  feed- 
stock delivered  to  the  plant  will  vary  widely  in  its  composition,  and  parti- 
cularly in  bark  content.  Therefore,  maintenance  of  maximum  alcohol  yield 
will  be  under  pressure  continuously  because  of  feedstock  bark  percentages 
alone.  This  condition  emphasizes  the  need  for  a high  level  of  processing 
efficiency  to  ensure  upper  limit  recovery  of  alcohol  values  from  non-bark 
feedstock  components. 
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7.2  AUTOHYDROLYSIS  PRETREATMENT 


In  developing  the  preliminary  plant  design  for  this  complex,  particular 
attention  was  concentrated  upon  methods  of  front-end  processing  to  maximize 
availability  of  free  cellulose  for  hydrolysis  to  glucose.  Steam  explosion 
equipment  was  selected  for  wood  waste  pretreatment  to  effect  physicochemical 
separation  of  1 i gnocel 1 ul ose  components  and  autohydrolysis  of  the  cellulose 
fraction3  in  advance  of  delivery  to  digesters  in  the  basic  Madison  process. 
The  steam  pretreatment  processing  step  in  the  preliminary  plant  design  is 
presented  schematically  in  Section  9.0  as  plant  section  R. 

Lignocellul osic  materials  undergo  physical  and  chemical  changes  when  subjected 
to  high  pressure  steam  for  a specific  period  of  time.  The  changes  that  take 
place  have  been  called  autohydrolysis,  because  acetyl  groups  normally  existing 
in  the  chemical  makeup  of  the  hemicel lul ose  fraction  catalyze  the  hydrolysis 
of  this  fraction.  The  summary  effect  is  disruption  of  the  structure  of 
natural  lignocel lulose,  making  the  cellulose  fraction  more  highly  susceptible 
to  subsequent  hydrolysis. 

Quite  aside  from  the  chemical  changes  that  take  place,  a valuable  advantage 
of  steam  explosion  is  the  rapid  conversion  of  dense  wood  chips  or  sawdust  to 
a near  fluffy  consistency,  with  highly  magnified  surface  area  exposure  for 
reagent  attack.  Along  with  the  chemical  benefits  of  autohydrolysis,  this 
feature  of  steam  explosion  pretreatment  allows  for  minimum  residence  time  in 
the  succeeding  hydrolysis  step,  thereby  minimizing  glucose  destruction. 
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7.3  LIME  NEUTRALIZATION 

The  original  Madison  wood  sugar  process^  employed  a system  for  lime  handling 
and  hydrolysate  neutralization  that  was  the  state-of-the-art  at  the  time  but 
would  be  considered  archaic  by  standards  of  current  processing  technology.4 
It  utilized  unslaked  lime  (CaO)  as  the  neutralizing  agent,  which  dictated  the 
installation  of  cumbersome  lime  slaking  equipment  which  delivered  lime  water 
slurry  to  the  acid  hydrolysate  stream  for  neutralization.  Given  the  natural 
hygroscopic  tendency  of  unslaked  lime,  caking  problems  in  storage  and  handling 
equipment  could  be  expected  as  routine.  Under  these  circumstances,  the  lime 
slaking  operation  would  be  expected  to  present  an  unnecessary  labor  demand 
and  a somewhat  unpredictable  dilution  factor  for  the  neutralization  reaction. 

Facilities  and  equipment  for  lime  storage,  slurry  preparation,  and  delivery 
were  considerably  streamlined  in  the  preliminary  plant  design  presented  here. 
This  portion  of  the  plant  system  is  shown  schematically  in  Section  9.0  as 
part  of  plant  section  E. 

Briefly  stated,  the  lime  slaking  system  is  replaced  with  a simplified  process 
utilizing  in-line  static  mixers  in  tandem.  Hydrated  lime  is  the  neutralizing 
agent,  taking  advantage  of  its  free  flowing  characteristics.  Vena  contracta 
units  precede  static  mixers,  each  operated  with  a single  pump,  to  pull  lime 
and  acidified  sugar  solution  into  the  system  by  venturi  effect.  Use  of  these 
units  will  allow  continuous  preparation  and  delivery  of  lime  slurry  for  neu- 
tralization, without  the  pulsations  in  limetwater  ratios  common  to  conven- 
tional lime  slaking  equpment  and  consequent  variations  in  dilution  of  sugar 
solutions  in  the  neutralization  step. 
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8.0  PPOCESS  DESCRIPTION 


8.1  PROCESS  FLOWSHEETS  AMD  MATERIAL  BALANCE 

The  plant  process  is  described  schematically  in  the  flowsheets  of  Drawings 
24-000- 1 00R  through  24-000-109P,  inclusively.  Plant  section  designations 
used  in  the  process  descriptions  below  are  those  presented  in  the  referenced 
drawings.  The  process  material  balance  is  presented  in  Drawing  24-000- 1 1 OR , 
which  contains  the  major  quantitative  inputs,  throughputs,  and  outputs  of  the 
plant  system. 

8.2  WOOD  WASTE  RECEIVING,  HANDLING,  AND  STORAGE 

Raw  wood  waste  is  trucked  from  the  forest  site  to  the  ethanol  plant  in  semi- 
trailers provided  with  drop-sides  which  are  unloaded  by  portable  overhead 
grapple  equipment.  The  wood  waste  is  stacked  as  outside  storage  on  concrete 
pad  "A"  as  shown  in  the  Typical  Site  Plan.  Wood  waste  handled  in  this  manner 
proceeds  through  the  cleaning  and  shredding  steps  of  Plant  Section  A to  pro- 
cessed wood  storage. 

Chipped  wood  waste  is  unloaded  by  tractor-mounted  front-end  loading  equipment. 
Such  Loads  are  relayed  by  portable  belt  transfer  directly  to  processed  wood 
storage  (see  Plant  Section  A). 


8.3  STEAM  PRETREATMENT 


Wood  waste  proceeds  from  processed  wood  storage  via  inclined  belt  conveyor  to 
the  wood  hopper  bin  of  Plant  Section  R.  It  is  delivered  continuously  to  the 
steam  explosion  unit  where  it  is  purged  with  saturated  steam,  compressed,  and 
exploded  intermittently  into  the  wood  lint  receiving  drum  by  instrument  con- 
trolled quick-release  ball  valve  fittings. 


The  wood  lint  receiving  drum  is  provided  with  baffles  in  the  upper  section  to 
effect  particulate  removal,  excluding  fine  bark  fragments  and  wood  linters 
from  the  steam  recovery  system  for  the  steam  explosion  unit.  The  baffled 
damper  drum  section  of  the  wood  lint  receiving  system  serves  the  dual  pur- 
poses of  noise  diminution  and  steam  recovery.  Steam  from  the  damper  drum  is 
delivered  to  the  distillation  section  (Plant  Section  G)  as  part  of  the  steam 
supply  for  the  stripping  column. 


Following  steam  explosion  treatment,  the  wood  lint  is  accumulated  in  the 
bottom  section  of  the  wood  lint  receiving  drum.  With  water  addition  and 
agitation,  the  lint  is  converted  to  a slurry  to  maintain  a pressure  seal  and 
to  allow  constant  delivery  of  a reasonably  consistent  feedstock  for  down- 
stream processing.  This  slurry  is  removed  continuously  by  a positive  dis- 
placement pump  and  delivered  to  digester  tanks  (Plant  Section  C-l)  with 
delivery  rate  controlled  to  match  filling  cycles. 
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8.4  WOOD  WASTE  DIGESTION 


Delivery  of  wood  waste  slurry  and  sulfuric  acid  solution  to  the  digester 
(Plant  Section  C-l ) takes  place  concurrently.  The  sulfuric  acid  solution  is 
produced  by  blending  concentrated  acid  from  storage  with  recycle  water  from 
previous  batches,  pumped  from  the  digester  water  storage  tank  and  the  dilute 
sugar  solution  tank.  The  sulfuric  acid  concentration  varies  during  the 
digestion  cycle,  trending  toward  dilution  with  steam  addition  to  maintain 
optimum  temperature  and  pressure.  Ultimate  acid  concentration  reached  during 
the  digestion  cycle  is  about  0.5% 

When  the  digester  has  been  completely  charged  with  wood  waste  slurry  and 
sulfuric  acid  solution,  additional  water  is  delivered  from  the  digester  water 
storage  tank  via  the  digester  water  heater.  Its  temperature  and  steam  addi- 
tions during  the  cycle  are  regulated  to  produce  digester  operating  conditions 
of  about  375°F  and  200  psig. 

The  hydrolysate  steam  is  removed  from  the  bottom  section  of  the  digester  and 
proceeds  through  the  flash  drum  recovery  system  of  Plant  Section  C-2.  The 
bottoms  from  the  first  stage  flash  drum  (Section  C-2)  contain  tars  and  oils 
resulting  from  resin  substances  in  the  original  wood  waste  and  various  degre- 
dation  products  of  hydrolysis  and  oxidation.  This  material  is  pumped  to  the 
cyclone  sludge  collection  system  of  Plant  Section  C-l  for  use  as  boiler  fuel. 
The  bottoms  product  of  the  second-stage  flash  drum  is  the  dilute  sugar  solu- 
tion and  proceeds  to  storage  in  Plant  Section  E. 
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Overhead  vapors  from  Section  C-2,  containing  methanol  and  furfural,  are  con- 
densed and  routed  to  the  flash  condensate  tank  (Section  0)  for  storage. 
Bottoms  from  the  second  stage  flash  drum,  containing  minor  amounts  of  sugars, 
are  pumped  to  the  dilute  sugar  solution  storage  tank.  Section  E. 

When  hydrolysate  removal  has  been  completed,  the  solid  residue  remaining  in 
the  digester  (Section  C-l)  contains  the  majority  of  the  lignin  present  in 
the  original  feedstock.  Pressure  maintained  in  the  digester  tank  is  utilized 
to  blow  this  residue  to  the  cyclone  in  Section  C-l.  It  proceeds  through  a 
dewatering  press  where  its  solids  content  is  increased  to  approximately  65%, 
and  through  an  elevator  leg  for  storage  and  use  as  boiler  fuel.  Vapors 
recovered  from  the  cyclone,  containing  methanol  and  furfural,  are  condensed 
and  pumped  to  the  flash  condensate  tank  of  Section  D.  Liquors  obtained  from 
the  dewatering  press  are  accumulated  and  pumped  to  the  concentrated  sugar 
solution  tank,  Section  E. 

3.5  CHEMICAL  BYPRODUCTS  RECOVERY 

The  flash  condensate  tank  of  Section  D,  containing  the  pooled  methanol  and 
furfural-containing  condensates  from  wood  waste  digestion  (Sections  C-l  and 
C-2),  serves  as  the  distillation  feedstock  reservoir  for  chemical  byproduct 
recovery.  The  condensate  is  pumped  to  the  methanol  recovery  tower,  where  the 
combination  of  a reboiler,  reflux  system,  and  condenser  are  controlled  to 
deliver  anhydrous  methanol  to  storage. 
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The  second-stage  liquor,  containing  furfural-water  azeotrope,  is  removed  as 
the  bottoms  product  from  the  methanol  recovery  tower  and  pumped  for  overhead 
entry  into  the  furfural  recovery  tower.  The  azeotrope  is  distilled  and  con- 
densed, and  crude  furfural  is  pumped  to  storage. 


8.6  NEUTRALIZATION 


Fresh  water  is  used  to  prepare  a hydrated  lime  slurry  for  sugar  solution 
neutralization  in  Section  E.  It  enters  the  system  by  pump  pressure  through  a 
vena  contracta,  creating  sufficient  suction  to  draw  powdered  hydrated  lime 
into  the  water  stream.  The  two  components  proceed  through  a two-stage  static 
mixer  system  for  continuous  blending  with  the  concentrated  sugar  solution 
downstream  in  similar  static  mixer  equipment. 

The  neutralized  sugar  solution  proceeds  through  a cascade  sieve  filter  for 
calcium  sulfate  and  sludge  removal.  It  then  passes  through  a polishing  sand 
filter,  for  removal  of  fine  particle  sludges  and  calcium  sulfate,  and  proceeds 
to  storage.  Solid  residues  from  both  filtration  systems  are  removed  by  cen- 
trifuge and  are  pumped  to  a settling  pond. 

8.7  FERMENTATION 
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Sugar  feedstock  for  the  fermentation  section  (Section  F)  is  pumped  from  the 
sugar  solution  storage  tank  of  Section  E.  This  solution  is  cooled  and 
delivered  to  the  six  (6)  fermentation  tanks,  with  yeast  inoculum  added  to  the 
stream  from  the  overhead  yeast  mixing  tank  prior  to  delivery.  The  solution 
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is  fermented  for  36  hours  with  a Saccharomvces  cerevisiae  yeast  strain,  and 
pumped  to  the  beer  storage  tank  at  the  end  of  the  fermentation  cycle.  A 
yeast  cell  cream  is  harvested  continuously  from  the  fermenter  tanks  by  centri- 
fuge, commencing  at  the  end  of  each  fermentation  cycle.  Fermenter  effluents 
are  centrifuged,  with  liquid  fractions  delivered  to  the  beer  storage  tanks 
for  subsequent  distillation.  The  yeast  cell  cream  passes  to  the  yeast  mixing 
tank  to  serve  as  inoculum  for  future  fermentation  batches. 

A period  of  12  hours  is  nominally  provided  for  fermenter  turnaround  time,  to 
allow  pumping  time  for  empty-and-f i 1 1 operations  and  insertion  of  necessary 
cleaning  cycles.  The  frequency  of  need  to  clean  and  sterilize  fermenters 
and  beer  storage  tanks  will  be  determined,  over  a period  of  time  and  will  be 
based  on  plant  running  history.  Solutions  resulting  from  cleaning,  sterili- 
zation, and  rinsing  are  pumped  to  a settling  pond. 

8.8  DISTILLATION 

Fermentation  beer  exits  the  beer  storage  tanks  of  Section  F and  proceeds 
through  the  beer  preheater  of  Section  G into  the  top  of  the  stripping  column. 
The  beer  preheater  heat  exchanger  transfers  heat  from  stripping  and  rectifying 
column  bottoms  to  the  incoming  beer  stream,  thus  maximizing  the  steam  economy 
of  the  ethanol  distillation  system.  Steam  is  introduced  to  the  stripping 
column  only.  Overhead  vapors  are  condensed  in  reflux  condensers  between 
stripping  and  rectifying  columns,  thereby  controlling  reflux  rate  in  the 
stripping  column  and  supplying  stripping  steam  to  the  rectifier  sections  of 
the  distillation  process. 
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The  second  rectifying  column  delivers  an  alcohol  vapor  stream  at  or  about  the 
composition  of  the  ethanol-water  azeotrope,  or  about  190°  proof  ethanol. 
This  stream  is  condensed  by  passage  through  the  product  condenser  and  proceeds 
to  a 'pump  surge  tank  which  serves  as  the  feedstock  reservoir  for  azeotropic 
distillation. 


The  single  azeotropic  distillation  column  of  Section  G operates  with  pentane, 
hexane,  or  heptane  as  the  breaker  solvent  or  entrainer.  The  ethanol -water 
azeotropic  solution  enters  the  upper  section  of  the  azeotropic  distillation 
column,  where  it  is  combined  with  incoming  entrainer  solvent.  Under  con- 
tinuous distillation  conditions,  anhydrous  ethanol  (199°  to  200°  proof)  is 
removed  from  the  column  bottom  and  pumped  through  a water-cooled  plate  cooler 
to  product  storage.  Unleaded  gasoline  as  denaturant  is  metered  into  the 
stream  after  cooling  takes  place.  Overhead  vapors  from  the  azeotrope  column 
contain  the  breaker  solvent,  water,  and  minute  amounts  of  ethanol.  These 
vapors  are  condensed  and  decanted  to  recover  the  breaker  solvent  and  ethanol 
for  recycle.  Water  separated  in  the  decantation  system  is  routed  to  a settl- 
ing pond. 


8.9  SUGAR  BYPRODUCT  RECOVERY 
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Still  bottoms  from  the  stripping  column  of  Section  G,  containing  pentose 
sugars  obtained  by  acid  hydrolysis  of  wood  waste  during  digestion,  are  routed 
through  the  beer  preheater  to  storage  in  the  thin  stillage  tank  of  Section  H. 
This  tank  serves  as  the  feedstock  reservoir  for  the  sugar  byproduct  recovery 
system. 
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Thin  stillage  liquors  are  pumped  through  the  two  evaporation  stages  of 
Section  H,  which  are  operated  in  sequence  with  a single  thermocompressor. 
Dehydration  concentration  of  the  liquors  continues  during  passage  through 
two  flash  drum  stages.  Bottoms  from  the  flash  drums  are  delivered  to  the 
molasses  storage  tank  containing  about  65%  solids.  This  product  meets  neces- 
sary specifications  for  use  in  animal  feeds  or  as  a crude  pentose  sugar 
source  for  furfural  manufacture.  Overhead  vapors  from  the  flash  drums 
contain  minute  quantities  of  short-chain  fatty  acids,  furfural , ethanol,  and 
methanol.  These  vapors  are  condensed  and  conveyed  to  a settling  pond  with 
other  waste  water  streams  for  subsequent  reclaim  and  recycle  to  the  plant. 
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FIGURE  8-7 . --Section  "E"  Neutralization 
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FIGURE  8-. 9— Section  "G"  Distillation 
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FIGURE  8- 1 0. --Sec ti on  "H"  Sugar  Byproduct  Recovery 


Fuel  Ethanol  Production  From  Wood  Waste 

,C'U!  NONE 

• f'Hc.o  ar 

D”*~"  MAS 

11/81 

JW 

revised 

SECTION  ' H ' 

SUGAR  BYPRODUCT  RECOVERY 

MULTITECH  INC  BUTTE  MT 

DRAWING  NUMBER 

24000-I09-B 

< 

c 

e 


o 


8-19 


© © 


© C 


<^)AWvV-> 


f^URFURAL 

J^EJHANCL 

molasses 

ETHANOL 


LBS/OAY 

GAL/DAY 

"lbs/day 

gal/day 


CARBON  DIOXIDE  LBS/ DAY 

STEAM " ~ LBS/ PAY 

_HYDRATED  LIME  LBS  / DAY 

JSULFURIC  ACID LBS/DAY 

WOOD_  INTAKE ODT/  DAY 

_ELECTRICAL  KWH/OAY 
WATER  MILL.  GAL /DAY 


^T>CARBON  DIOXIDE 

ETHANOL  I99+  PROOF 


<$> 


MOLASSES  50%  F^O 


<s> 

<s> 


METHANOL  (ANHYDROUS' 
FURFURAL 


FLOW  DIAGRAM  — MATERIAL  BALANCE 


1 

2 

•J 
.. J 

■1 

5 

6 

7 

8 

9 

10 

1 1 

12 

13 

14 

15 

1 r- 

3000 

364 

76,000 

24,000 



360,000 

7,600 

49,100 

35,000_ 

167.200 

96,000 

9530 

16,800 

Fuel  Ethanol  Production  From  Wood  Waste 

155 

54,528 

K*“'  NONE 

»rpROviD  b y 

JHW 

mas 

0.5 

(323, '000) 

(31,500) 

(150,4  00) 

(68,400) 

(86,400) 

°»T*'  11/81 

RtvISIO 

2.5  MILLION  GPY  PLANT 

MULTITECH  INC  BUTTE  MT 


OBAvv  INU  NUM8C* 

24000-110-a 


FIGURE  8-11. --2. 5 Million  GPY  Plant 


9 


9 


9 


Q 

c 


9.0  PLANT  AND  EQUIPMENT  COSTS 


€ 


C 


9 


TABLE  OF  CONTENTS 


PLANT  AND  EQUIPMENT  COSTS 

PLANT  CAPITAL  ESTIMATE  SUMMARY 9-1 

SECTION  A,  WOOD  HANDLING  AND  STORAGE 9-12 

SECTION  B,  STEAM  PRETREATMENT  9-17 

SECTION  C,  DIGESTION 9-19 

SECTION  D,  CHEMICAL  BY-PRODUCTS  9-32 

SECTION  E,  NEUTRALIZATION  9-37 

SECTION  F,  FERMENTATION  9-42 

SECTION  G,  DISTILLATION  9-48 

SECTION  H,  SUGAR  BY-PRODUCT  RECOVERY 9-50 

SECTION  I,  GENERAL  COSTS 9-56 


9 


J 


9 

9 


© 

o 

© 

c 

FUEL  ETHANOL  PRODUCTION  FROM  WOOD  WASTE 
PLANT  CAPITAL  ESTIMATE  SUMMARY 

ACCOUNT 

| DESCRIPTION 

| SECTION 

| MATERIALS 

LABOR 

I 

SUBCONTRACT 

100-0 

| Equipment 

1 

1 

| Wood  Handling  and  Storage 

1 A 

| $ 303,642 

$ 59,295 

1 

| Steam  Pretreatment 

1 B 

1 

1 

$1 ,800,000 

| Digestion 

1 c 

| 707,052 

40,236 

1 

26,000 

| Chemical  By-Products 

1 o 

| 236,922 

16,200 

1 

| Neutralization 

| E 

| 423,329 

24,210 

1 

| Fermentation 

| F 

| 667,361 

64,920 

1 

| Distillation 

1 G 

| 618,516 

34,620 

1 

| Sugar  By-Product  Recovery 

1 H 

| 509,944 

18,000 

1 

1-0 

|Land,  Ruildings 

| I 

1 

1 

1 ,358,100 

2-0 

| Si t e Improvements 

| I 

I 

1 

108,258. 

3-0 

|Concrete  Pads 

| I 

1 

1 

378,455' 

5-0 

| Mi  seel  1 aneous  Structural  Steel 

| I 

1 

1 

o 

oc 

cc 

1 5-0 

| Mechanical 

| I 

1 

1 

989,333 

16-0 

|Electrical 

| I 

1 

1 

156,201 

100-0 

|Roilers/Coal  Handling 

| I 

| 1,232,701 

23,359 

1 

| SUBTOTAL 

| 4,699,467 

280,840 

1 

4,865,327 

| 10%  Profit  and  Administration 

| 469,947 

28,084 

1 

486,533 

| Labor  Indi rect  0 45% 

1 

126,378 

1 

| Freight  (1,758,000  lb)  P 12.50  cwt 

| 219,750 

1 

| ELEMENT  SUBTOTAL 

| 5,389,164 

435,302 

1 

5,351 ,860 

| Plant  Design  P 6%  Total 

1 

1 

670,580 

| ELEMENT  SUBTOTAL 

| 5,389,164 

435,302 

1 

6,022,440 

| PLANT  TOTAL 

| 11,846,906 

1 
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ESTIMATE  SUMMARY 

project  FIIFI  FTHAOOI  PRODIIOTTON  FROM  WOOp  HASTE 

/ L \ 

MULTITECH 

ESTIMATE  NO 

SHEET  NO 

_S-L 

100-0  Equipment 

PREPARED  BY: 

iL_  Richards 

DATE:  10/81 

Wood  Handling,  Storage  and  Reclaim 

Section  A 

CHECKED  BY: 

DATE: 

MAIN 

ACCOUNT 

DESCRIPTION 

QUANTITY 

MATERIALS 

LABOR 

SUB  CONTRACT 

TOTAL 

UNIT  PRICE 

AMOUNT 

UNIT  M H. 

TOTAL  M H 

RATE 

AMOUNT 

UNIT  (PRICE 

AMOUNT 

lon-n 

Cleaning  Pond 

1 each 

11 , 1QQ 

1 1 . .1  no 

75 

Z5 

_Jd3_ 

..IQ, 725 

Primary  Shredder 

1 each 

o 
1 o 

in 

co 

m 

58 r 500 

158 

158 

30 

_A ,JM 

Secondary  Shredder 

1 each 

36 , 355 

36.355 

86 

86 

30 

- 2,520 

Vibratinq  Screen 

1 each 

11  ,518 

11  .518 

34 

34 

30 

i :o2o 

Drag  to  1 " Hog  Cnnvevnr 

1 each 

26,669 

249 

249 

30 

7^  ZD- 

Screen  to  Storage  Conveyor 

1 each 

26,669 

26, 6£d_ 

249 

249 

_ .30 

7,470 

Storaqe  to  Diqester  Conveyor 

1 each 

26.669 

26,669 

249 

249 

30 

7,470 

1°  Hog  t.n  Screen  Convevor 

1 each 

1 2 r859 

12,859 

_ 118. 

. 118 

30  1 

3J54CL_  . 

Screen  to  2°  Hoo  Cnnvevnr 

1 each 

12.859 

12.859 

118 

118 

30 

. .3,540 

Screen  t.n  1"  Hng  fnnveynr 

1 each 

12.859 

._1.2,_859___ 

67,686 

118 

118 

30 

3 .'540 

Drag  Ohain 

1 each 

67,686 

240 

240. _ 

3Q.-| 

_L,20£L 

Suhtnta 1 

303,642 

"t 

59,295 

I 

i 

Freight 

115,000  ih 

— 



L - — 

| 

I ' 
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ESTIMATE  SUMMARY 

project  F1IFI.  FTHANOL  PRODUCTION  FROM JatOOEL-MASIE 

100-0  Equipment ; 

Steam  Pre-Trpatmpnt Section  B 


MULT  I 


ESTIMATE  NO 

SHEET  NO  S-2 

PREPARED  BY:  0.  Rir.harrk date:  10/81 

CHECKED  BY  DATE: 


MAIN 

ACCOUNT 

DESCRIPTION 

QUANTITY 

MATERIALS 

LABOR 

SUBCONTRACT 

TOTAL 

UNIT  PRICE 

AMOUNT 

UNIT  M H. 

TOTAL  M H 

RATE 

AMOUNT 

UNIT. PRICE 

AMOUNT 

100-0 

Steam  Pre-Treatment 

Vendor  Ouote 

? earh 

300,000- 

l 5 Ron, or 

0 

Subtotal 

1 .800 .0C 

0 

Total  Frpinht  Wpioht. 

( i nr  1 1 irleH  ^ 

I 



i 

— 

. . .. 

i 

T 

i 

' 

. - 

1 
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ESTIMATE  SUMMARY 


/ L \ 

MULTITECH 


PROJECT 


_1Q0-Q  _Eq  ui  pjaeni_ 


-Oigesti-on  - 


. . SHEET  NO  S-3 

PREPARED  BY  3 . Rl  ChdrdS 

Section_C_ 

CHECKED  BY: 

DATE: 

MAIN 

ACCOUNT 

DESCRIPTION 

QUANTITY 

MATERIALS 

LABOR 

SUBCONTRACT 

TOTAL 

UNIT  PRICE 

AMOUNT 

UNIT  M H 

TOTAL  M H 

RATE 

AMOUNT 

UNITiPRICE 

AMOUNT 

inn-n 

Pi  pesters 

4 each 

397,953 

60 

240 

30 

7.200 

Tanks 

9 each 

33.396 

360 

30 

10,800 

Digester  Water  Heater 

1 each 

21 ,203 

24 

24 

30 

720 

Condenser 

1 each 

17,300 

18 

18 

30 

540 

Condenser  with  Vent  Cond. 

1 each 

18.520 

20 

20 

3D 

600 

Flash  Condenser 

1 each 

40.310 

32_ 

32 

30 

960 

Storage  Tanks 

3 .each. 

42.506 

126 

30 

-O 

'-J 

DO 

3 

Pumps- 

7 each 

14.813 

162 

18 

23qi6 

Bucket  Conveyor 

each 

1S_»  1 69 

80 

80 

30 

2.400 

% Jcrubber 

__e.ach 

4,710 

8 

8 

30 

240 

Hogged  Fuel  Storage  Bin 

each 

26.000 

Cyc  Tones 

r 

each 

12.576 

40 

1 80 

30 

2.400 

Acid  Dilution  Mixer/Feeder 

1 each 

5 ,596. 

16. 

16 

30 

' 480 

Dewaterinq  Press 

1 _caciL 

83.000 

240 

30 

7.200 

1 

Subtotal 

707,052 

40,236 

26,000 

Total  Freight  Weight 

26 3.000  l 



~ 

T 1 

— 

... 

| 

j 

! 
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I 
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PROJECT 


ESTIMATE  SUMMARY 

FllEI.  ETHANOL  PRODUCTION  (ROM  WOOD  WASLE 


100-0  Equipment 


Chemical  By-Product  .Pro££S.&-ing_ 


-Section  D_ 


ESTIMATE  NO 

SHEET  NO  5-4 

PREPARED  BY:  J ■ RjchdrdS 
CHECKED  BY:  


_ DATF  10/81 
_ OATE: 


MAIN 

ACCOUNT 


DESCRIPTION 


QUANTITY 


MATERIALS 


UNIT  PRICE 


AMOUNT 


LABOR 


UNIT  M H 


TOTAL  M H 


RATE 


AMOUNT 


SUB  CONTRACT 


UNIT  i PRICE 


AMOUNT 


TOTAL 


1QQ-Q- 


Methanol  Column.. 


1 parh 


$41,883_ 


Furfural  Column, 


Overhead  Condenser 


.1.  each. 
_1  each. 


-41,681 


_4Q._ 

_40_ 


12.Q1CL 


-80. 


3,2-10- 


+2.010 


-30- 


3.210- 


11. ,400- 


-11 


Overhead  Condenser 


1 each 


18*450. 


Vent  Condeners 


Peboi 1 ers 


l_.each. 


Pump  Surge  Tanks 


2 each 
2-eaclL 


-5,290. 


10,580 . 


18_ 

12 


_L2_ 

_18_ 


_2IL 


_360_ 


_3CL 


540. 


24 


_3£L 


-720. 


21,203 

4,356 


42j406_ 

--8,112- 


24. 


-18- 


.30. 


L,MQ_ 


-40. 


_80. 


-20. 


2,400 


Pumps 


Me  OH  Storage- Tank 


Furfural  Storage  Tank 


Subtotal 


I.  each. 


-1,001 


8.004 


22 


_88- 


.30. 


2,640. 


1 each 


22,950- 


16.. 


.15 


1 each. 


27,054 


30 


5Q_ 


-SO.. 

-30. 


Z8£L 

900- 


216,922  _ 


Total  Frpight.  Wp f gtrt 


55.000  lbs 


J 6 ,200- 


-j — _ 


— r 


__ 1- 
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ESTIMATE  SUMMARY 


project EU£L_£IHANDL  PRODUCTION  FROM  WOOD  WASTE 

100 -0  Equipment ' 

Neutral  ization Section  E 


ESTIMATE  NO 

SHEET  NO  S-5 

PREPARED  BY  J.  RjchardS „ DATE:  10/81 

CHECKED  BY: DATE: 


MAIN 

ACCOUNT 

DESCRIPTION 

QUANTITY 

MATERIALS 

LABOR 

SUBCONTRACT 

UNIT  PRICE 

AMOUNT 

UNIT  M H 

TOTAL  M H 

RATE 

AMOUNT 

UNITiPRICE 

AMOUNT 

TOT  AL 

100-0 

Concentrated  Sugar 

Soln.  Tank 

1 each 

$ 71 .60? 

80 

80 

30 

$ 2,400 

Dilute  Sugar  Soln.  Tank 

1 each 

31  ,208 

48 

48 

30 

1 ,440 

Sugar  Soln.  Tank 

1 each 

71 ,602 

80 

80 

30 

2.400 

Pumps 

6 each 

22.438 

144 

.30 

4 . 3?0 

Cascade  and  Sand  Filter 

1 each 

130  JML 

" 80 

?40 

.30 

7 , 200 

Centrifugal  Sepa rat nr 

1 each 

90.000 

80 

30 

? T 400 

Lime  Storage  Bin 

1 each 

779 

460 

In-line  Mixers  _ 

2 each 

.3,000 

80 

30 

ro 

O 

O 

Tubular  Conveyor  & Hopper 

1 each 

2.700 

40_ 

30 

1 .?oo 

Suhtota  1 

4? 3 r 3?9 

24,210 

r 

Total  Freioht  Weight 

180,000  lb 

> . 

1 

' 

.1 

1 

4 

| 

1 

t 

— 

- 

1 

_ 1 .....  ' 1 

1 ' 

: t 

..i  i 

..._  .j. 

1 

O O Q 6 ^ 
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PROJECT 


© © 

ESTIMATE  SUMMARY 

FUEL  ETHANOL  P R00UCTI0N  FROM  WOOD  WASTE 


/ 

MULT 


f ^ 

IT  ECU 


© ^ 


Vid 


JQd-Q_  Equipment. 


F.ermentati  on 


Section  JL 


ESTIMATE  NO 

SHEET  NO 

PREPARED  BV: 
CHECKED  BY 


S-6 


. DATF  1 0/81 

. DATE: 


MAIM 

ACCOUNT 


DESCRIPTION 


QUANTITY 


MATERIALS 

UNIT  PRICE  AMOUNT 


LABOR 


UNIT  M H 


TOTAL  M H 


RATE 


AMOUNT 


SUBCONTR ACT 


UNITiPRICE 


AMOUNT 


TOTAL 


100-0 


Pumps 


Fermentation  Tanks 


8 each. 


Beer  Storage  Tanks 


6 each 
_2_.eacii_ 


.£_2L,416. 


2ML 


Jfl, 

.M,562 


Small  Tanks 


Agitators" 


4 each 


14,471  57,884 


1 2 each 


5,600 


Sugar  Spin.  Cooler 


Centrifugal  Separators 


1 each 


67,200 


3 each 


90,000" 


Subtotal 


Total  Freight  Weight, 


QQQ.li^ 


_26,613. 

270,000 


_£d 

_ao- 

_40 


48Q . 


$3Q_ 


30 


$ 7,200. 


04^400. 


_16£L 


-30- 


160 


.3d 


-d^SOO- 


4,800 


.32. 


^84_ 


TO. 


_13_,  52£L 


20 


.20. 


30 


.600. 


.240. 


_72d 


.30. 


21 ,600- 


.667,361. 


6d.q?o 


U 
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ESTIMATE  SUMMARY 

project  FIIFI  fthandi  PRonurjinN  FROM  wnnp  WASTE 

/ \ \ 
MULIiTECH 

ESTIMATE  NO 

/ 

SHEET  NO. 

S-7 

100-0  Equipment 

PREPARED  BY: 

_J,  Richards 

HATF  10/81 

Distillation  Section  G 

CHECKED  BY: 

DATE 

MAIN 

ACCOUNT 

DESCRIPTION 

QUANTITY 

MATERIALS 

LABOR 

SUBCONTRACT 

TOTAL 

UNIT  PRICE 

AMOUNT 

UNIT  M H 

TOTAL  M H 

RATE 

AMOUNT 

UNIT  i PRICE 

AMOUNT 

100-0 

Equipment  Subtotal 

(Vendor  Quote) 

All  .S 

545, 00C 

545.000 

l ,000 

o 

o 

o 

$ 30 

S 30,000 

Ethanol  Storaqe  Tanks 

2 each 

34 . 384 

68.768 

65 

130 

30 

-JL9J2CL 

Ethanol  Transfer  Pump 

1 each 

4.74E 

4.748 

24 

24 

30 

720 

“Subtotal 

k618,5T6 

34,620 

Total  Freiqht  Weiqht 

212.000  lb! 

. 

l 



- 

! 



... 

{ 

1 
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J 
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1 
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ESTIMATE  SUMMARY 

O 

f \ \ 

multItecii 

© 

C 

„.„T  FIIFI  FTHANDI  PRODI IFTTOM  FROM  WDDn  WASTF 

ESTIMATE  NO 

SHEET  NO 

S-R  .... 

1DD-D  Fnninmpnt 

PREPARED  BY: 

J.  Richards 

DATE'  1 0/ 81 

_S_ug  ar__B^ -Product  -EexmeiX- 

Section  H 

CHECKED  BY: 

DATE. 
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ESTIMATE  SUMMARY 


FUEL  ETHANOL  PRODUCTION  FROM  WOOD  WASTF 

General  Accounts  Section  I 


ESTIMATE  NO 

SHEET  NO. S-9 

PREPAREDBY  J . R j C hd  rdS - DATE:JLQ/B1 

CHECKED  BY:  DATE: 


MAIN 

ACCOUNT 

DESCRIPTION 

QUANTITY 

MATERIALS 

LABOR 

SUB  CONTRACT 

TOTAL 

UNIT  PRICE 

AMOUNT 

UNIT  M H 

TOTAL  M H 

RATE 

AMOUNT 

UNIT. PRICE 

AMOUNT 

1-0 

Land 

n 

ins.sor 

Buildinqs 

753,606 

Loaders 

SO-l.^QL 

Subtotal 

~T 

X,  358,10. 

1 

2-0 

Earth  Work 

44 , 35a 

Water  Distribution 

10,826 

Asphalt 

. 11.52Q 



Settlina  Ponds 

25.560 

— 

Subtotal 

108,25 

L - 

3-0 

Concrete  Pads 

378.455 

Subtotal 

37.8,45 

i 



5-0 

Mi  sc.  Structural  Steel 

__4.8-li8Q 



Subtotal 



48.98( 

) 

— 

15-0 

Spwaap  and  Drainanp 

16,185 

Process  Pipinq 

~T~ 

814.720 

Instrumentation  ft  Cnntrnl 

150,762 

Pipe  Hanqers  & Supports 

7,665 

i 

Subtotal 

I 

_ 902,31 

i . ... 

16-0 

Power  Distribution 

130,361 

Instrumentation  Wirinq 

r 

251840 

i 

Subtotal 

1 

156.20 

i 

- . 

1. 

C C t C t 
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r t \ 

MULTITECH 
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© C 


ESTIMATE  SUMMARY 

phoject:  FUEL  ETHANOL  PRODUCTION  F RQM__WQQD-WAS1E 

lOtMf  Fgui pment  General  Accounts 

Roilprs,  Foal  Handling Sect  ion-1 


ESTIMATE  NO 

SHEET  NO_  S-1CL 

PREPARED  BY:  J « Rj  ChdTClS ^ DATE: . 1 Q/  81 

CHECKED  BY DATE: 


-12 


QUANTITY  SURVEY 

project FI1FI  FTHANOI  PRODUCT  TOK|  FROM  WOOD  WASTF 

ACCOUNT 

100-0  Equipment 

Hood  Handling,  Storage  and  Reel  aim 


ACCOUNT 

DESCRIPTION 

QUANTITY 

WIDTH 

LENGTH 

OPACITY 

SPEED 

DBIVF 

3-0 

Cleaninq  Pond 

1 each 

40' 

20' 

10' 

10,000 

qa  1 . 

100-1 

Draq  Chain 

1 each 

70' 

40T/Hr 

100-1 

..Conveyors 

7 each 

Drag  to  Primary  Hnq 

30" 

100' 

10' 

40T /Hr 

100  FPM 

5 

Primary  Hoq  ^Screen 

30' 

40T /Hr 

100  FPM 

Screen  to  Secondary  Hog 

30' 

5 1 

40T/Hr 

100  FPM 

Screen  to  lu  Hoo 

30' 

40T/Hr 

100  FPM 

2°  Hoo  to  Storage 

30" 

100' 

45  1 

40T/Hr 

100  FPM 

5 

Storaqe  to  Dioester 

2 each 

30" 

100' 

45' 

40T/Hr 

100  FPM 

5 

N/A 

Storaqe  Area 

2 each 

200' 

200' 

Coven 

;d  in  Ac 

:ount  3-( 

' M/A 

Bui  1 dozer 

f miprsr 

i n Arrni 

nf  1^0 

100-391 

Primary  Shredder 

1 each 

40T/Hr 

400 

100-391 

Secondary  Shredder 

1 each 

20T/Hr 

200 

100-65 

Screen  Shaker 

1 each 

3' 

1?' 

40T/Hr 

... 

V 



• 6 q C • 


n \ 
Vp. 


-SFCTTON  A - 


ESTIMATE  NO 

SHEET  NO A-l  of  5 


prepared  by  . 0.  Richards 

CHECKED  BY 


.DATE  -T-Q/S-l- 
.DATE 


9-13 


f © 


PROJECT 


ESTIMATE  WORK  SHEET 

F RQll.MlQD-WASJE- 


/'  \ \ 

multIiech 

vb 


estimate  no 

SHEET  NO 


A-2_of  V 


inn-n  Fquipmpnt 


and  Rpclaim  - C.lpaning  Pond,  Shredders^- 


PREPAREDBY  J ■ Richards 

CHECKED  BY  


DATE  1 0/ 8 1_ 

DATE 


ACCOUNT 

DESCRIPTION 

QUANTITY 

COSTS 

WEIGHT 

REMARKS 

JNIT  PRICE 

AMOUNT 

UNIT  WT 

TOTAL 

3-n 

ripening  Pnnd 

1 pa 

3- in 

Hang  fnrmpd  rnnrrptp  walls  1?"  thick 

75  rv 

CO 

-bO 

s ii  .mo 

hpav/ilv  rpi  nfnrrpH 

Inst.al  1 a ti on  - 1 abor 

75  cv 

143 

10.725 

inn-391 

Primarv  Shrpddpr  - SH4454 

1 ea. 

50.300 

50.300 

19.000-1 

19  >.0.00- 

96  MH  Installation 

an  ton  qnn  rpm  an  tph 

ann  hp  - nfma  a.  class  f.  tffc 

1 pa 

8 , 20Q 

8.200 

62  MH 

R1 nr k 6 

Total  Primarv  Shrpddpr 

58,500 

..1^000- 

Installation  - Labor 

158  MH 

530/hr 

4.740 

inn- 391 

Sprnndarv  Shrpddpr  - SH3640 

1 pa . 

30.600 

30 f 600 

10,000 

48  MH a 

i ?nn  rpm  ?n  tph 

200  HP  - NFMA  A.  Class  R.  TFFC 

1 ea . 

5.755 

38  MH 

Rlnrk  R 

Total  Secondary  Shredder 

36.355 

10. 000 

Installation  - labor 

85  MH 

530 /hr 

2 , 580 

l no-65 

1 pa 

10,900 

ICU-90JI 

a 

c 

<T 

3-,.6-flQ- 

-28-MU 

5 HP  - NEMA  A.  Class  B.  TEFC 

V1  ea_. 

618 

eia 

6 MH 

Explosion  Proof.  Block  6 

n .518 

T n q t a 1 latino  - 1 Rhnr 

34  MH 

$30/ hr 

l.,CI20— 

j 

• 
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PROJECT 


ESTIMATE  WORK  SHEET 

FUEL  ETHANOL  PRODUCTION  FROM  WOOD  WASTE 


100-0  Equipment J 

Wood  Handling  Storage  and  Reclaim  - 


estimate  no  . 

SHEET  NO A- 3 of  5 

prepared  by  .I  - Richards date 

CHECKED  BY DATE 


10/81 


ACCOUNT 

DESCRIPTION 

QUANTITY 

COSTS 

WEIGHT 

REMARKS 

JNIT  PRIC 

E AMOUNT 

UNIT  WT. 

total 

100-1 

Conveyors,  30'  Horizontal,  8U  Rise 

51  Vertical  Dist. 

3 each 

Belt  = 2 pi  v,  RMA  105  x 30" . 83  torn 

65  each  S 

20.7 

S 1 ,346 

4.5 

293 

.-4.MH  Installation 

Mechanical  Splice  Kit 

2 each 

89 

178 

..  8 MH  Installation 

Head  Pulley.  Drive  & Drivp 

1 each 

—3,215 

850 

—6  MH  Installation 

Tall  Pulley  (Gravity  Take-upl 

1 each 

720 

65£L_ 

.-2-MH  Installation 

Snub  and  Bend  Pul  leys 

1 each 

465 

140 

. 2 MH  Instal latinn 

Trouqh  Pullevs 

8 each 

-.-185 

1 .480 

62 

495 

32  MH  Installation 

Return  Idlers 

3 each 

85 

255 

33 

99 

2'  - 0 Truss 

30  feet 

38 

1 .140 

35 

1 .050 

QMH  Tnc;t^l  1 r f i n n 

A-Frame  Supports 

? each 

500 

1 .000 

395 

790 

— — ifta  La  4-4 at  1 Q-h 

Convevor 

3 each 

415 

1 .245 

468 

1 .404 

Loadinq  Hopper 

1 each 

230 

250 

? MH  Installation 

Discharqe  Hood 

1 each 

485 

550 

4 MH  Installation 

3 H.P.  Nema,  TEFC.  Class  B.  Block  5 

1 .TOO 

400 

Total  Convevor 

1 each 

12.859 

6.972 

■Installation  Labor 

11 8 m h 

30 

3,540 

iotal  30'  Conveyors 

3 each 

2.859 

38.577 

6.972 

20.916 

Installation  Labor 

3.each_. 

3.540 

10.620 

i 

1 

• Q O 6 ^ 
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ESTIMATE  WORK  SHEET 


o 


PROJECT 


FUEL  ETHANOL  PRODUCTION  FROM  WOOD  WASTE 


inn-n  Equipment — 

Wood  Flandling,  Storage.  and_Raclaim 


ESTIMATE  NO  

SHEET  NO A-4  of  5 

prepared  by  J . Ri  chards 

CHECKED  BY 


DATE  10/31 
DATE 
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ESTIMATE  WORK  SHEET 


ESTIMATE  NO  . 

SHEET  NO  A-5  nf  5 _ 

prepared  by  __j.  Richards - date  IQ./ 8.3 

CHECKED  BY  DATE 


ACCOUNT 

DESCRIPTION 

QUANTITY 

COSTS 

WEIGHT 

UNIT  PRIC 

AMOUNT 

UNIT  WT 

total 

REMARKS 

-_1.0Q.j1  , 2 

Jaa.  Chain  - Jov  Mfg.  Co. 

1 each 

46  pnunds/ft3 

-Drive  and  Chain  Guard 

-J— each . 

110.910 

c: 

O' 

c 

750 

Head  and  Tai 1 Shaft 

2 each 

2,215 

600 

-Chain.  6670  pound  maximum  load 

150  ft 

14 

16.650 

15 

2 . 2-50 

X 3 snared  844  chain 

Idler  Pulleys 

14 

1 .380 

19.320 

250 

3.500 

X 3 self  aditisfina 

nu 1 1 evs . 42 " 

Convpyor  Frames 

70  ft 

225 

15,670 

70 

4 QOO 

25  HP  Motor  Class  B,  FEFC , NEMA 

Block  6 

1 each 

2.740 

500 

-JEotfll  F)rag  Chain  

1 parh 

67  585 

1 2 500 

Installation  Labor 

240  hrs 

30 

7,200 

i 

i 

PROJECT 


100-0  Eg uipment . 


WQQD-WASIE 


/ 1 \ 

MULTITECH 


Wood  Handling,  Storage,  and  Red  a im  - Conveyors 


c o 


® © 


LI- 


ACCOUNT 

100-0  Equipment 

Steam  Pretreatment 


© C 


ESTIMATE  NO 1 

SHFE 1 NO  B-1  of  2 

PREPARED  BY  tl  - R 1 ("ha  TcK DA1E  IQ/81— 

CHECKED  BY DATE  


-18 


ESTIMATE  WORK  SHEET 

project  FUEL  ETHANOL  PRODUCTION  FROM  WOOD  WASTE 

1.QQ-0  Equipment 

Steam  Pretreat.mpnt  - Section  R 


ESTIMATE  NO 

SHEET  HO  B-2  of  2 

prepared  by  U . Richards date  10/fil 

CHECKEOBY OATE 


ACCOUNT 

DESCRIPTION 

QUANTITY 

COSTS 

WEIGHT 

JNIT  PRICf 

AMOUNT 

UNIT  WT 

TOTAL 

nXWA II  Kw 

inn-n 

■ Steam  Pretreatment 

? $ 

inn.nnn 

Si .Rnn.n 

m n/a 

Total  installed  cost. 

frpinht  anrl  1 ^hnr 

3Q ' diameter  x 25'  long  with 

Subcontract  unit  price 

— hDDDer.  feeders,  and  collection 

Lins 

» 

\ 

, 

l 

I 

• ® Q © © 


6L-6 


PROJECT  . 
ACCOUNT 


( 


QUANTITY  SURVEY 

FUEL  ETHANOL  PRODUCTION  FROM  WOOD  WASTE 


o 


e 


c 


/lA 

MU  LTITECH 


SECTION  C 


ESTlMATF  NO  . 


SHFE 1 NO  C-I  Of  13 


100-0  Equipment 


Hi  gesliQn._Sec.tijQiL 


prepared  by  J . Rj  char-ds- 

CHtCKEDBY  . 


WJT7 

THICKNESjS 


xwy 

AREA 


1 PIATTL. 
RATING 


ACCOUNT 


DESCRIPTION 


QUANTITY 


ML 


T to  T 


PRESSURE 

RATING 


TEMP. 


MATL. 


IHfl-Ml 


ni gpq  tpr 


4 pa. 


Ml 


1 (Mr  3-41 


Small  Tanks  (water  level,  pump  surge 


7 ea. 


24' 


1st,  stage  flash  drum.  2nd  stage  flasll 


1Q0-.3A] 


Small  Tanks  (bypass  phase,  .separator* 


inn-??n 


phage  sppar.at.nr) 


0i gester  Water  Heater 


1.Q0-.2.3C 


Crmrlenger 


2 £3* 


24" 


1 ea. 


Ml 


1 pa. 


2Q.1-Q' 


4-0 


4 1 -O' 


25Q  psi.g 


400°  F ,\1  1qy_B2 


MAM 


75  psig 


400  F 


316  SS 


Me 


75  psig. 


3.5.Q.C.L 


MM 


AIM 


79Q  psig. 


550° F \11ov  20 


,4QQ  it: 


6Q0_;l 


r 3- 


■7-5  qisig 


inn°F  \iiny  ?n 


1 QO  ft^ 


AMUl 


I00-22C 


Condenser 


1 £a^_ 


mn-?3f 


With  Vent.  Condenser. 


1 ea. 


100-22C 


Flash  Condenser 


1 ea. 


c. 


_20_piig. 


4003F  . _ \1 1 Q Y 2Q. 


28" 


225  psig 


100-341 


H?S04  Storage  Tank 


1 ea. 


7?" 


12 ' -Q' 


XJL 


20  ft.i 


15Q  £_ 


l sn 


400°F  \11ov  20 


100-341 


Digester  Water  Storage  Tank 


1 ea. 


100-341 


Flash  Tank 


1 ea. 


100-28C 


Pumps 


Acid  Supply. 


1 ea . 


Xfpr  tn  n-ilntp  ■Storage. 


J ea. 


Condensate  Transfer 


1 ea. 


Sludge  Transfer 


1 ea. 


78" 


20 1 -0' 


66" 


1 5 ' -O' 


FLQkL 


HEAEL 


5 gpm 


JLOl 


10  gpm 


-30- 


10  gpm 


_25_ 


10  gpm 


_ZiL_ 


Sugar  Solution  Transfer 


1 ea.. 


Digester  Water 


Tower  Feed 


1 ea. 
1 ea. 


10  gpm 


_3£L 


300  gpm 


102 


50  gpm 


30 


3 


100-2 


Bucket  Elevator 


1 ea. 


ENSIIX 

aoizft3 


JdEJLGHI 


.30 ,±L 


100-111 


S02  Scrubber 


1 ea. 


.MAIL 


C.S. 


MM 


MM 


220  ft* 


300 


MM 


9,600  ga 


5/8"  2Q.CQQ.SA 


C.S. 


5/8'  1 


,Q  >QQQ_aaI 


msp 


nRIVF-R- 


r.  3 


Meteri  ru 


346-SS- 


In  -1  ine- 


1 .5  HP 


J116— SS. 


Lo_liae_ 


-1.2x_HE 


2-16  SS 


Sewage 


5..QJ1E 


36  SS. 
316  SS 


In  line. 


1 5 HP 


316  SS 


Ln_LLne_ 


15.0  HP. 


Centr . 


1 .5  HP 


JILL. 


.MIL 


RAIL 


DR1V.E- 


Lont. . Re 


J_C-S- 


ZClX/Mc. 


.3— BB. 


Residne  Storage  Rin  with  Feeder. 


-1  ea. 
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QUANTITY  SURVEY 


project  FUEL  ethanol  production  from  wood  waste 

ACCOUNT 

100-0  Equipment. 

. Pi gestion 


_M 

MUL'ITI'ECH 

ESTIMATE  NO  

SHEET  NO  C-2  Of  13 

PREPARED  BY  -J.  Richards date  -LLO/Oi 

CHECKED  BY DATE  


ACCOUNT 

DESCRIPTION 

QUANTITY 

DIA. 

T to  T 

MATL . 

THICK. 

CAPAC. 

HP 

FLOW 

100-0 

Rpsidnp  Ovrlnnp 

?'  diamptpr  x 4'  drum  lift  SS 

2 pa 

?4" 

4 1 

31  fi  SS 

1/2" 

From  Pagp  A-? 

Arid  Dilution  Mixpr 

104 

Ann  gal 

20  ft  gph 

npwafpring  Prpcc 

2 ton/h> 

l l c C Q 
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© © 


ESTIMATE  WORK  SHEET 

project  FUEL  ETHANOL  PRODUCTION  FROM  WOOD  WASTE 

1 00-0  Fguipmeat — 

Digestion 


ESTIMATE  NO 

SHEET  NO  C-3  Qf  13 

prepared  by  ,_J_ Richards 

CHECKED  BY  


-ATn07BT~ 

_ DATE  


ACCOUNT 

DESCRIPTION 

QUANTITY 

COSTS 

WEIGHT 

REMARKS 

UNIT  PRICE 

AMOUNT 

UNIT  WT 

TOTAL 

i nn_ 

ninpQtorc 

4 pa 

inn  ?a? 

Ihpll  Allny  825  inn0/  Y-raypH  3/4" 

an  ft 

cc 

r— 
t a 

$118,720 

775.1#  . 

62.008  # 

4 timps  A-285  C.S.  nric.e? 

DQ . 8 

thick  matprial  nn  ctmpQt;  nplipf 

l nn- ?42 

6pmi  FI  inti  ral  Hparl^  ? for  parh 

4 sets 

2D. 064 

80.256 

5.496 

21 .484 

4 times  A-285  C.S.  trices 

pq.  8 

Alim/  8?  6 inn0/  Y-nawprl 

8/4"  think  matprial 

inn  344 

Annlp  1 pn<;  fnr  Vprtiral  Vp^pI^. 

16  ea . 

92 

1 ,472 

.ao= 

1 ,280# 

6"  x 6"  1/2"  0 S.  4'  1 nnc 

— 1 

If  pa  . 

20.5# 

'328 

8-1/2."  x 8-1/2"  x 1"  C.S. 

inn- 847 

Rnt.t.weld  Flanop  Tvoe  Nozzles 

All  flanges  60Q_= R.  F„ — _ 

t 

?"  ? npr  hvrlrnlv7Pr  E8 Q H 

R pa 

146 

1 ,168 

_LZ 

136  . 

Ruttwpl  rl  , 4 timps 

a pa 

271 

2 '-1 68 



U2 

A- 105  prices 

1 ft"  1 npr  hv/Hrnl  V7Pr  f\C\0U 

4 pa 

7,144 

28, '6  76 

_Z£3 

3,05? 

i nn-356 

1 arlripr  Sunnnrt  01  ins 

an  ft. 

.8? . 56 

2,605 

5-11 

Platforms  1 arlrlprs  and  Handrails 

llnranprl  laHHpr 

4n  ft 

14  n 

5£a 

10 

400 

2an  ft 

25.20 

7.056 

L8 

5.040 

Circular  Platform  8/15"  X 1" 

7 6 ft 

i4n.nn 

10..,  640. 

..100 

.7^000 

Handrai 1 s 

76  ft 

28.00 

2,128 

20  ...  . 

1 ,520 

l nn-n 

Misrpllanpnns  /liftinn  1 1 i n s . t r a v s 

4 pa 

36,661 

142,604 

1 1 ,545  . 

1&4SQ 

1 U U - U 

i nn-n 

ni  np<;tpr  Total 

4 pa 

QQ4aa  ? 

5 397,953 

37,500- 

150,000— 

— U 

l 

Installation  1 ahor 

4 pa 

60  hrs 

J2M  hns- 

3Q_ 

81  7,200- 

Comp/xs-Lte  .craw  rate  .and — 

crane  time  based  on 

19  tons  weight  for  each 

unit. — 

1 
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ESTIMATE  WORK  SHEET 


project  — FUEL  ethanol  .PRODUCTION  FROM  WOOD  MASTF 
. - Digestion  - Snail  TarTks 


ESTIMATE  NO 

SHEET  NO . C-4  Of  1 3 

PREPARED  BY  ,1  , RjcharrIS  OATE 

CHECKED  BY  DATE 


ACCOUNT 

DESCRIPTION 

QUANTITY 

COSTS 

WEIGHT 

JN IT  PRIC 

E AMOUNT 

UNIT  WT 

TOTAL 

REMARKS 

inn-i4i 

.Small  Tanks  Stainless  StPel  lift 

7 pa 

-Small  Tanks  Oarhon  Steel  A-?85 

2 each 

J — Ji.fl  J n.l  HSS  .iTrP  1 .1  I h 

price  3- times  C. S. 

A 9Q6 

. inn- .14? 

L.S.  Shell  x 1, . Ilf,  SS,  100...  X-rayerL 

4' 

mi 

1,11? 

1 90  97 

6?4 

— 1±—/  /in 

—1/2"  materi  al  .24"  diameter  

pquals  ? times 

-1QQ-342 

L.S.  $,  E,  Heads  x 3 316  SS 

Pai  r 

966 

966 

149 

149 

— 

-100?,  X-rayprl,  I/?11  material 

yb.SCPl  1 anpnns — (support-  equipment,  ptr 

. ) AR 

? 1 7ft 

p 

£6  7 

In  t.a  1 Qae_.Tank. 

— 1,356 

■1..334 

Total  S.S.  Small  Tank 

7 ea . 

4.166 

in.  49? 

1 . 994 

9 99ft 

ion-14? 

iLS.  A-?85  Shpll.  inn?  Xrrayprt 

4 

mi 

404 

1 71 

£9/1 

. — ■ 

— 

— UP. - fflatari  al  J2A.J'  H i a mptp’r 

k-W— J 

jnn-i4? 

O-S — S — E — Beads  100/  X-r-a^ed-, 

-Rain 

1?? 

1?? 

1 47 

147 

-A.  12"  materi  a 1 

Miscellaneous 

AR 

7?6 

7?6 

667 

667 

Total  One  Tank 

1 .46? 

1 994 

■lata  1 0 . S . Sma  1 1 Tank-; 

1 ,46? 

? 904 

1 774 

9 AfSft 

Altai  Small  Tanks 

Q pa 

11  TOO 

.... 

? non 

Installation  Labor 

9 ea. 

40  hrs 

.960  hrs 

lin.nn 

no.ann 

Oomnnsitp  rrpw  anrl  rrane 

• 6 c © c 
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ESTIMATE  WORK  SHEET 

project  FUEL  ETHANOL  PRODUCTION  FROM  WOOD  WASTE 
Dig estion  - Water  He ater . 


r\  \ 

MULITTECII 


© c 


ESTIMATE  NO 

SHEET  NO.  C-5  Qf  13 
PREPARED  BY 
CHECKED  BY  . 


DATE  1 0/ 81 

DATE 


ACCOUNT 

DESCRIPTION 

QUANTITY 

COSTS 

WEIGHT 

REMARKS 

UNIT  PRICE 

AMOUNT 

UNIT  WT 

TOTAL 

l nn_??n 

Hinod-or  Mr  fan  Wostor 

1 ea 

TFMA  R S h p 1 1 and  Tnhp  Hpat.  Fxrhangpr 

4nn  ft. 2 

1 4?y  f t.2 

5,800. 

Twno  RFII  800  4 natinn 

i nn-??n 

18"  Fvrhflnner  Shall  Diamotpr 

l 03 

S 4,878 

$ 4,870 

do  . 2 

Rasp  Prirp.  Oarhnn  Sfppl 

nn<;  R - 4 

Front  r n H Pprt  MpaHq 

2 pa. 

N/f 

N/r 

— J — = — 

no . 8 

18"  Shell.  1(1'  Rundlp  length 

ID  ft 

128 

l ,200 

nq . 7 

4"  M 0 7 7 1 p ANSI  fioo^ 

1 pa 

251 

281 

1-1/2"  Cnunl i nn  800^ 

1 pa 

45. 

45- 

DQ . 8 

U-Tubes.  Allnv  20.  3/4"  Si7p 

9(1  pa . 

$8  94 

825 

4/ 3...  times-  3-1-6— SS 

In.  nf  T n hp^ 

-eatinq  Surface  Area 

400  ft<? 

22.40 

8 ,96Q... 

pg.  y 

Support  Saddles  and  Liftinq  Luqs 

4 ea. 

172 

688 

1 rmnituHinRl  R a -f  f 1 p c; 

400  ff2 

1 1 . nz 

4,42£_ 

ASME  Code  Stamp  and  Data  Sheets 

250 

Total  Diqester  Water  Heater 

1 ea . 

iZl  >203- 

5,800 

Installation  Labor 

24  hrs 

S3Q/.lin, 

720 

Rased  on  tonnage  rx&w 

and  crane 

\ 

— 

i 

— 

— 
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ESTIMATE  WORK  SHEET 

project  _ EUEL_EMAMm.  PRODUCTION  FROM  WOOD  WASTF 
digest. Inn . - Rps i due  JLLash -Condejasec - 


ESTIMATE  NO ' _ 

SHEET  NO_  C-6  of  13 ; 

prepared  by  J . Ri chards zZoAinMi 


CHECKED  BY  0ATE 


9-25 


© © 

ESTIMATE  WORK  SHEET 

project  FUEL  ETHANOL  PRODUCTION  FROM  WOOD  WASTE  _ 
Digestion.  ~ - Second  .Stage  El  as  h.Xo  n denser. 


ACCOUNT 

DESCRIPTION 

QUANTITY 

COSTS 

WEIGHT 

REMARKS 

UNIT  PRICE 

AMOUNT 

UNIT  WT 

TOTAL 

in 0-220 

C.nndpnspr 

1 pa  . 

10 

3.200 

320  ft? 

with  vpnt  r.ondpnser 

20  ft? 

$ 2,470 

700 

Allov  20  tubes.  r.arbon  steel  shell 

1 50#  rating 

inn-220 

Rasir  shpll  14"  rliameter  rarhon  steel 

1 ea . 

t 3.210 

3.210 

nn  ? 

rr  

Front,  ami  rear  heads 

2 ea . 

N/C 

Shell  14".  in'  bundle  lenath 

10  ft. 

87 

870 

2"  Nn77lp 

1 ea . 

91 

91 

1 " fniinl  i nn 

1 

24 

24 

U-Tubes,  Alloy  20,  3/4"  size 

100  tubes 

5.94 

594 

Coolina  Area  AllOV  20 

320  ft. 

22 . 4Q 

7.158 

SuDDort  Saddles  & Liftina  Luos 

2 ea. 

_L5fl 

..300- 

longitudinal  Rafflp<; 

R?n  ft 

11.07 

3,541.. 

ASME  Code  Stamp 

25Q 

Total  Condenser 

$18,520... 

i . .3,000.- 

Installation  - Labor 

20  mh 

£30/hr 

600 

\ 

• 

, 

i 

O 


/ 1 \ 

MlJLI'tTKCH 


c 


estimate  no 

SHEET  NO C-?  _Q.f_.I3- 

PHEPAREDBY 
CHECKED  BY  . 


. DATE 
DATE 


10/81 
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PROJECT 


ESTIMATE  WORK  SHEET 

FUEL  ETHANOL  PRODUCTION  FROM  WOOD  HASTE 


multitech 


Digestion  - First  Stag e Flash  Conde n s er_ 


ESTIMATE  NO  

SHEET  NO.  T -ft  nf  13 

prepared  by  Ric^ar4s- 

CHECKEOBY  


. OATE  1 0/81 

DATE 


ACCOUNT 

DESCRIPTION 

QUANTITY 

COSTS 

WEIGHT 

JN IT  PRIC 

E AMOUNT 

UNIT  WT 

TOTAL 

.100-220 

.Flash  f.nndprKPr 

.lea. 

— 3 HQ#,  Alloy  20  tubes  C S shell 

1 .220  ft.2 

9 

—10,9,80 

mo-??n 

_Basic  Shell  diameter 

28" 

i;  7.iqn 

S 7.190 

PS — 2 

Shell  10'  140# 

10" 

161 

1 .610 

— Emit  and  rear  heads 

N/0 

2"  Nozzle  300# 

1 ea. 

95 

95 

6.". JiQzzle  300# 

1 ea . 

299 

299 

8"  No7 7i e .200# 

2 PR  , 

867 

72A 

37-4"  U-Tnhes  . .200# 

2 so 

6 86 

1 690 

4/3  times  316  SS 

Alloy  20 

1 ,220  ft* 

~7O0 

27 . 828 

SuoDort  Plates 

4 

190 

760 

-Support.  Saddles 

2 

227 

4M 

. ASME  Stamp  and  Data  Sheets 

260 

Total  - Flash  Condenser 

S40  r 810 

10,980 

Installation  Costs 

32  mh 

S 30/hr 

960 

Rr^pH  nn  tnnn^np  r tpi*/ 

and  crane  timeT 

• © 
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© © 

p^crx  FUEL  ETHANOL 

ESTIMATE  WORK  SHEET 

PRODUCTION  FROM  WOOD  WASTF 

c 

multTtech 

vp 

estimate  no 

© 

C 

SHEET  NO  C-9 

of._L3  ..  - 

Diaestion  - 

St.oraoe 

PflEPAHEOBY  _J_ 

, Richards — 

DATE  10/81 

CHECKED  BY 

DATE  __  _ 

ACCOUNT 

DESCRIPTION 

QUANTITY 

COSTS 

WEIGHT 

REMARKS 

JNIT  PRICE 

AMOUNT 

UNIT  WT 

total 

100-341 

H?S04  Storage  Tank,  Carbon  Steel 

1 ea . 

72"  x 12 ' -0"  Shell  - 5/8"  thick 

1 ea. 

i 259 

$ 3.108 

485 

5,820— 

2 S.F.  Heads 

2 pa . 

3,039 

1 , 323 

2,646 

All  Others 

AR 

6,147 

4. '2.33 

Total  H?S04,  Storaqe  Tank 

12,294 

12.700 

Use  7 tons 

100-341 

Hydrolyzer  Water  Storaqe  Tank 

1 ea . 

78"  x 20 1 -0"  - 5/8"  thick 

1 ea . 

270 

5.400 

525 

10,500 

2 S.F.  Heads 

2 ea 

3,405 

1 ,545 

3,090 

All  Others 

AR 

8 .'806 

Total  Hydrolyzer  Water  Storaqe  Tank 

17.612 

20.385 

Use.  1 L.toas 

100-T41 

Flash  Tank 

1 ea. 

66"  v 15'  - 5/8"  thirk 

15' 

243 

3,645 

M5u_ 

6,675— 

2 S.E.  Heads 

2 pa . 

2,655 

-T^.U9— , 

2,238 

All  Others 

AR 

6 ,'300 

4;  457...-- 

Total  Flash  Tank 

12.600 

1.3,370 

lisp  7 tons 

Total  All  Storaqe  Tanks 

42.506 

Instal lation  - 1 ahnr 

1 25  mh 

$30/Ju^ 

3,780- 

Working  hypothesis 

2 y shell  and  hpad  prir.es 

1 ahnr  based  nn  .tnnnage- — 

V 

crew,  and  crane -time 

, 

l 
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ESTIMATE  WORK  SHEET 

P«n,prT  FUEL  ethanol  production  from  wood  waste 

f \ \ 

MULTITECH 

vu 

ESTIMATE  NO 

SHEET  NO  C-10  Of  13 

Digestion. -..Pumps  . . 

prepared  8y  uL R1  rhards 

DATE  1 0/ 81 

CHECKED  BY DATE 


ACCOUNT 

DESCRIPTION 

QUANTITY 

COSTS 

WEIGHT 

JN IT  PRICE 

AMOUNT 

UNIT  WT. 

TOTAL 

nt?HA  1 1 V\  5 

ioo-?in 

Aci.ri  .Supply  Pump 

All  motors  for  rhpmiral 

-J-Chemical  Metering)  60  G.P.H. 

. 1 ea 

S l.qss 

100-55? 

1 - 1 /?  HP  Mntnr 

1 pa  . 

?Q0 

met pr inn  numn 

— ido =2&e 

Dilute  Storage  Transfer  Pump 

-JJl-npm  315  SS  30  ft  head 

1 ea 

1 .705 

Tn-linp  rpntrifunal 

1 00-65? 

HP  motor  

1 ea . 

' ?Q6 

100-?85 

.Condensate  Transfer 

TO  gpm  315  SS  ?5  ft  h pad 

1 pa  . 

1 708 

Tn-linp.  rpntrifunal 

100-55? 

-.1-1  7?  HP  mntnr 

1 ea 

?95 

100-305 

Sludqe  Transfer  Cast  Iron  Sewaae  Punic 

10  gpm  70  ft . 

1 pa  . 

i -no 

Sewanp  Pumn 

ioo-5s? 

—5.  HP  motor 

1 pa 

378 

inn-?Rfi 

■Sugar.  .Snl  uti  nn  Transfer,  Tn-linp 

— 10  gpm 316  SS  30  ft  head 

1 ea 

1 2 70S 

Tn-linp  rpntrifunal 

100-55? 

1 - 1 7?  HP  mntnr 

1 ea 

?95 

LQQr286 

Digester  Water  Feed  Pump 

300  gpm  316  SS  10?  ft  head 

1 ea. 

? ,8?q 

Tn-linp  rpnt.rifuaal 

100-55? 

.15  HP  mntnr,  rhpmiral  sprvirp 

1 pa 

'810 

1 00-?80 

Tower  Feed,.  Vertical  Centrifugal  Pump 

-SO.  gpm  315  SS  30  ft  head  1 

1 efl 

1 .125 

Vertical.  S.S.  Cpnt.rifucu 

_10fld£52 

1-1 72  HP  motor 

1 ea . 

? 95 

Total  Pump';  and  Motors 

7 pa 

14.813 

? .800 

.Install  atinn  - 1 ahnr 

15?  mh 

$ 2,015 

1 

1 

• • o c ^ 
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ESTIMATE  WORK  SHEET 


PROJECT 


WASTE 


Digestion-.-  Bucket  Elevator 


ESTIMATE  NO 

SHEET  NO  C ~ 11  of  13 

PREPARED  BY  J ■ Rj  did  rdS 
CHECKED  BY  


DATE  1 Q/  8JL_ 
DATE 


ACCOUNT 

DESCRIPTION 

QUANTITY 

COSTS 

WEIGHT 

REMARKS 

JNIT  PRICE 

AMOUNT 

UNIT  WT 

TOTAL 

1QQ-2 

Bucket  Elevator,  Continuous  Re It 

1 ea . 

Size  VCB-23 

pg.  7 

Drive  ami  V-Relt  Guard,  27  rpm  3 HP 

1 pa 

O 

CO 

*■ 

1 — 

$ 1 .870 

250 

250 

4 MH 

pg.  9 

Head  Shaft  and  Tail  Shaft 

1 ea 

2 ,830 

2.830 

425 

425 

5 MH 

pg.  10 

Buckets  - 24"  x 8"  x 3/16" 

20  ea. 

44.30 

886 

40 

800 

8 • MH 

pg.  10 

Belt  - 26"  105  nylon  6 ply 

66  ft. 

45.70 

3.017 

8 MH 

Belt  Splicing  Kit 

2 ea . 

86 

172 

6 MH 

P9-  13 

Elevator  Casings 

Head  Section 

1 ea. 

750 

750 

650 

650 

2 MH 

Tail  Section 

1 ea . 

840 

840 

730 

650 

3 MH 

Std.  Section 

2 ea. 

1 ,445 

2.890 

1 .260 

2.520 

12  MH 

Filter  Section 

6 ft. 

121 

720 

105 

630 

6 MH 

100-653 

NEMA  A,  TEFC  Explosion-Proof 

1 ea . 

1 .188 

1 .188 

22  MH 

3 HP,  Class  B Insulation  Motor 

Total  Bucket  Flevatnr 

15.169 

.^.,QQQ 

Inst.al  latinn  - 1 ahnr 

8fl  MH 

$30/hr 

C 

G 

c\ 

Includes  crane  and  crew 

ca±e 

V 

' 
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ESTIMATE  WORK  SHEET 


PROJECT 


FUEL  ETHANOL  PRODUCTION  FROM  WOO n WASTF 
100-0  Equipment 


ESTIMATE  NO 

SHEET  NO f.~  1 ? Of  1.1 

prepared  by  J . Richards DATE  15/  5 1. 


CHECKED  BY DATE 


ACCOUNT 

DESCRIPTION 

QUANTITY 

COSTS 

WEIGHT 

JNIT  PRICE 

AMOUNT 

UNIT  WT. 

TOTAL 

iTtPNA  1 1 n tl 

lon-ns 

--SOg  -Srrnhhpr , Si  7P  WH-FB 

1 ea 

f 4,7in 

$ A 7 in 

3F 

3F 

. - t 

. Q.-=.  .4  .QQQ  CFM  N - 

_55"1  n.f.  P re  <;  <;  n re  nrnp 

-R.  - 1 - 4.8.  13  Say'  9 

-R  - ? = ..45  - l.fi  .Say  1.13 

■ R - 3 = .75 

36 

-W-  r .7.  - „7.5? 

_.17.4"  304  SS  Construction 

Installation  - Labor 

fl  MH 

K.Whr 

?40 

100-373 

Residue  Storage  Bin 

1 pa 

pc  nnn 

s ?f  nnn 

Concrete  double  slooina 

Subcontract  Unit  Price 

inn  ton  rapacity 

i nr  1 tides  labor 

• © 


6 O 
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ESTIMATE  WORK  SHEET 

project  FUEL  ETHANOL  PRODUCTION  FROM  WOOD  WASTE 

100-0  Equipment 

Dj  g e aiinn— — 


r \ \ 

MULTiTECH 

vik 


© O 


ESTIMATE  no 


ACCOUNT 


1 00-341- 


1 no- 1 FIB 


SHEET  NO  C — 1 3 of  13 

prepared  by  . Ri  chaxxis- 

CHECKED  BY  


. date  1 0/84- 

DATE 


DESCRIPTION 


Cyclone. 


2"  n-iamptpr  y 4'  T tn  T 31  6 SS. 


Tnstal 1 at  inn  - I ahor 


Arid  Dilution  Mixpr/Feeder  Package- 


Unit  M0-g.,al,  .304  SS,  pn.ft-Sfth- 


QUANTITY 


JNIT  PRICE 


2 ea. L 6,288 


3 ea. 


1 p.a. 


COSTS 


A.Q.  M. 


B , SQfi 


AMOUNT 


12.576 


80  MH 


6r6Q6 


WEIGHT 


UNIT  WT 


1 ,215 


$3Q/hr_ 


_aai 


TOTAL 


2^430. 


2.400 


ftfti 


REMARKS 


Tnst.al  1 at. inn  - I ahor. 


16  hrs. 


S-lQ/iin- 


4P.n 


Dewatering  Press 


. 1.  ea- 


83.000 


83.000 


20,000 


Vpndor  2 t.on/hr 


1 M widp 


Instal lation  - Labor 


240  MH 


S30/hr 


7.200 
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QUANTITY  SURVEY 


PROJECT 


WASTE 


ACCOUNT 

1Q0-0  Fqu 1 pmpnt _ 

Chemical  By-Product  Processi ng 


SECTION  D 


ESTIMATE  NO 


SHFFTNO  D' 

-1 

of  5 

PREPARED  BY 

,1 

Ri  rharrk 

DATE  1 D/ft  1 

CHECKED  BY 

DATE 

ACCOUNT 

DESCRIPTION 

QUANTITY 

DIA. 

T to  T 

PRESS. 

TEMP. 

MATI  . 

MATL. 

THTOKNFS 

CAP. 
S ARFA 

MATL. 
RAT  T NO 

100-041 

Methane  Recovery  - On]  umn 

1 each 

l«" 

46 1 _0" 

50  psi 

400°  F 

016  SS 

1 / 2" 

100-341 

Furfural  Recovery  Column 

1 each 

24" 

45 1 -0" 

50  psi 

400°  F 

016  SS 

1 /?" 

100-230 

Condenser 

1 each 

50  psi 

400°F 

016  SS/ 

60  ft2 

r s 

1 00- 2 00 

Condens  pr 

1 each 

50  psi 

400°  F 

016  SS/ 

150  ft.2 

r S. 

100-230 

Vent  Condenser 

2 each 

50  ft.2 

100-020 

Rphni 1 pr 

1 parh 

50  psi 

400°F 

A1 1 oy  . 

20/C. S 

100-220 

Reboi 1 er 

1 each 

50  psi 

400°F 

Alloy.  . 

_20/C,-S^- 

100-341 

Pump  Surqe  Tank 

2 each 

24" 

4'  -0" 

50  psi 

316  SS 

3/M" 

1 Ofl-  P Rfi 

FI  0W 

HFA0 

MATE . 

TYPF 

_nRivf_ 

Methane  Reflux 

1 each 

5 QDIT) 

65' 

316  SS  . 

.i.n-1  i na.. 

1- 1/2— li£ 

Methanp  Sfnraap 

1 each 

5 apm 

05' 

31 5 SS  . 

in-line 

1 ^■1742-H& 

Furf  lira  1 Rpf  1 nv 

1 each 

5 gpm 

70‘ 

316  SS 

i n-1 i np 

1-1/2  HP 

Furfural  Storage 

1 each 

5 qpm 

70' 

010  SS 

in-line. 

1-1/2  HP 

Methane  Storaoe  Tank 

1 each 

6‘ 

12' 

016  SS 

5/8" 

Furfural  Stnrane  Tanle 

1 each 

O' 

1 ft' 

016  SS 

-57-an 

* 

• 6 O O Q 
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ESTIMATE  WORK  SHEET 

project  FUEL  ETHANOL  PRODUCTION  FROM  WOOD  WASTE,, 


10n-0  Equipment. 

Chemi  raLJIy- Product  Prncessi  ng  --Recovery  Columns  - 


ESTIMATE  NO 

SHEET  NO D-2  Of— 5 

prepared  by  ,j_, Rf-Gtaucds DATE  1 0/-84- 

CHECKEDBY  DATE 


ACCOUNT 

DESCRIPTION 

QUANTITY 

COSTS 

WEIGHT 

REMARKS 

UNIT  PniCB 

AMOUNT 

UNIT  WT 

TOTAL 

inn- 341 

Methanol  Recovery  f.nlumn 

2 ea. 

Note:  Estimate  for  18" 

diameter  pressure  vessel 

Furfural  Rprnvprv  f.nlumn 

are  nnn-existant  use 

24"  diameter. Lls£ 

'inn- 34? 

3hpl 1 - 1 /?"  316  33  y 3 f 5 

45" 

K 303 

5 13-635 

131 

5.895, 1 

this  pstimatp  for  both — 

rprnvprv  columns 

i nn_3A? 

^prrri  - T1  i n t i ra  1 Hp^Hq 

2 ea . 

1 r 032 

1 t932 

286 

286 

inn- 344 

Analp  1 pas  fi"  x 6"  x 1/2" 

4 ea. 

92 

368 

80 

320 

Rasp  PlfltPS  8-1/2"  X 8-1/2"  x 1" 

inn- 347 

Riittwplrl  Nn77l  ps 

?"  r f 

9 pa 

2fi7 

534. 

14_. 

28 

4"  R , F 1504 

1 ea  . 

con 

finn 

31 

31 

fi"  R F 1RH4 

2 pa 

7fi5 

1 j 530 

6 1— 

114 

100-352 

Trav  SuDDort  Rinas 

30  ea. 

426 

12-780 



660 

Trav  installation 

67  x 30  - 2.010 

l nn- 33Q 

3n  pa 

295 

8,850 

... 

i .ann 

Use  3 ft.  diameter 

l nn- 33Q 

1 aHHor  Platfnrtn  and  finnnnrf  Cl  i ns 

45  pa 

22 

QQn 

244 

5-11 

Caaed  Ladders  and  Circular  Platform 

1 .61 0 lbs. 

c i .4n 

2.254 

1 .610 

lisp  6 tons 

Tntal  Mpfhannl  Rprnvpry  fnlimin 

1 pa 

4 3,686, 

43,683-., 

n ,0-QQ- 

Total  Furfural  Recovery  Column 

1 ea  . 

43:683, 

43:683-. 

.1.1 -.000 

*fln  mm 

30 

2.400 

Crane  and  crew  rale 

Trav  T n<;  ta  1 1 a t i nn 

fin  frays 

fi7 

4: 020- 

$.30/MH 

Tntal  Rprnvprv  Columns 

2 pa  . 

87,366 

-22 -,000- 

Tnta l - 1 a hn r 

6,420- 

> 

— 
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ESTIMATE  WORK  SHEET 

MULTI TECH 

V z J 

FUEL  ETHANOL  PRODUCTION  FROM  WOOD  WASTF 

ESTIMATE  NO 

SHEET  NO  D-3  Of  5 

-!  .00-0 E.g.u  i poient  prepared  by  J . Richards date  10/ 8 1 

£IiemiiiaJ_By-Prodiict  Processing  = Condensers CHECKED  BY DATE 


ACCOUNT 

DESCRIPTION 

QUANTITY 

COSTS 

WEIGHT 

UNIT  PRIC 

AMOUNT 

UNIT  WT 

TOTAL 

• » tMA  H KS 

.-ion-?3n 

CnnHpnspr  A - SD  ft2 

-Ime.  85-00  x 3/?  fnr  315  55 

1 each 

JLLAQQ. 

LL4QQ. 

1-.Q5Q 

1 >050 

12  mh 

- inn- ? 30 

Cnndpnspr  A = 1 SO  ft? 

1 each 

18.450 

18.450 

1 .850 

1 .850 

1 8 mh 

-Jypp  85-E.x  3/2  for  316  SS , 

ioo-?3o 

-Vpnt Cnndpnsprs  A = 43  ft2 

? each 

5 . ?QO 

in,58n 

700 

1 ,400 

? y ^‘?  mh 

-J.ype  85- BS  

Total  Conrlpnsers 

4 p a r h 

4n.43fl 

4 .300 

Installation  Labor 

54 

30 

l .6?n 

V 

1 

O Q C O q 
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ESTIMATE  WORK  SHEET 

project  FUEL  ETHANOL  PRODUCTION  FROM  WOOD  WASTE 


r \ \ 

MULTlTECH 


100-0  Fnninmpnt 

fhpmirfll  Ry-P_mriiir.t  Prnr.essino_  - Battoms-Reboi Ter 

's/ Ref  lux  LeueJ-  Drums/ 

ESTIMATE  NO 

SHEET  NO  D-4  Of  5 

PREPARED  BY 
CHECKED  BY  . 


DATE 
.DATE 


10/81 


bUU 

ACCOUNT 



DESCRIPTION 

QUANTITY 

COSTS 

WEIGHT 

REMARKS 

JNIT  PRICE 

AMOUNT 

UNIT  WT. 

TOTAL 

100-220 

Rphni  1 pr<: 

? parh 

121  ,203 

$ 42 t 406 

5 , 600 

11,200 

Tvpical  BEU  Exchanqer 

Ikp  Page  A-3  600#  Rating,  400  ft^ 

TOTAI  RFROTI  FRS 

42,406 

n.,2no 

Installation  1 ahnr 

48  mh 

$30 

1 .44(1, 

ioo-i4i 

Pump  Snrgp  Tank 

2 parh 

4.356 

8.712 

1 .334 

..2.66a.- 

2"  diameter  x 41  T tn  T.  316  SS 

samp  as  nanp  A-2 

TOTAI  TANKS 

8.712 

2 ,Ma_- 

Installation  Labor 

80  mh 

30 

2.4QQ- 

100-286 

Pumps  - 5 oom  ud  to  70  ft  hd. 

4 each 

1 .7051 

6 .82Q— , 

4QQ- 

i «£na-. 

316  SS  Internal,  in-line,  rentr. 

100-652 

Motors . 1 - 1 /?  HP 

4 each 

296 

1 (184_, 

TOTAI  PUMPS 

8,004 

1 ,600. 

Installation  labor 

4x2?  mh 

30 

2 ,640 

• 

V 
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ESTIMATE  WORK  SHEET 


PROJECT 


-fLIFI 


_ERQM_W00Q--WASIE- 


100.-0  Equi pjuen L_ . 

Chemical  By-Product.  Processing  - Methanol  Storage  Tank 


ESTIMATE  NO  

SHEET  NO  D-fi  nf  5 

PREPARED  BY  ,_J,.  RlCtiar4S - OATE  JD/S1 

CHECKED  BY  DATE 


ACCOUNT 

DESCRIPTION 

QUANTITY 

COSTS 

WEIGHT 

JNIT  PRIC 

AMOUNT 

UNIT  WT 

TOTAL 

HcMARKS 

100-341 

_Mpt±Lflnol  Storage  Tank 

TZ".  diameter  x 1?'  T t.n  T 

1 each 

— 316. SS  shell  6/8"  thick  material 

l?1 

$ 684 

S 8.208 

486 

6 r8?0 

2 each  S,  E.  Heads 

Pai  r 

7 .695 

7.696 

2.646 

2.646 

Nozzles  6"  150#  RF 

2 each 

831 

1 .66? 

60 

120 

4"  160#  RF.  .. 

1 parh 

667 

667 

33 

33 

18"  man  way 

1 each 

3.174 

3.174 

368 

368 

Wear  Plates 

Pai  r 

391 

.391 

128 

128 

Saddles 

Pai  r 

1 .163 

1 .163 

660 

660 

r 

TOTAL  METHANE  STORAGE  TANK 

22.950 

9.756 

Installation  Labor  (18  + (1.5  x 511 

26  mh 

30 

780 

100-341 

.Furfural  Storage  Tank 

— Z?.d -riiflmptpr  x 18‘  T tn  T 

a 305.000 

316  SS  shell  5/8"  thick  material 

1 8 1 

684 

12,312 

485 

8,730 

— 2 each  SE  heads 

Pa  i r 

7.696 

7 r 696 

2,646 

2,646 

Nozzles  6"  150#  RF 

2 each 

831 

1 .662 

60 

120 

4"  150^  RF 

1 parh 

667 

667 

33 

33 

18"  man  way 

1 p a r h 

3J74 

3,174 

368 

368 

Wear  Plates 

Pai  r 

391 

391 

128 

128 

.Saddle'; 

Pavi  r 

1 ,163 

1 ,163 

660 

660 

TOTAI  FIIRFIIRAI  STORAGE  TANK 

27,064 

2 666 

.JLnstalla-tloa.  1 abor  (18  + (1.5  x 7)) 

30 

30 

'900 

TOTAL.  ST0RAGF  TANK'S 

60  np4 

TOTAL-.  LABOR 

1 680 

6 6 
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QUANTITY  SURVEY 

project  FUF1  FTHANQL  PRODUCTION  FROM  WOOD  WASTE 

account  100-0  Equipment 

Neii  trail  ?atl  cm _ . 


SECT.IQELE. 


MUl.TI  I ECH 


ESTIMATE  NO 

SHFET  NO  E-l  Of  5 

prepared bv  0 . Ri  r. hands date 

CmECKEO  BY Dai  E 


10/81 


9-38 


estimate  no 

SHEET  NO_E^2.  -Of  5 

PREPARED  BY  J.  Richards  date  10/81 

CHECKED  BY DATE 


ACCOUNT 

DESCRIPTION 

QUANTITY 

COSTS 

WEIGHT 

JNIT  PRICE 

AMOUNT 

UNIT  WT 

TOTAL 

II  tWAnivi 

100-341 

Conr.pnt.ratpd  Sugar  Solution 

1 pa 

3 x C . S . Prices  , 316  SS 

-Shell  144"  diameter  x 48' (spot 



FT7T72 

S 5.3.856 

965.7 

46.354 

x-rav ) 5/8"  316  SS 

2 Semi-El i ptical  Heads 

2 pr. 

8 ,85C 

c 

LD 

cc 

CO 

11  .065 

Support.  1 egs 

2 ea. 

9? 

7.36 

100 

800 

-Nozzles 

6IL  RF  .1  an# 

6 pa . 

837 

4 . 986 

60 

360 

— 18"  Manway. - 

1 pa 

3,174 

3 174 

358 

.358 

Platforms  Not.  Rpquirpd 

Total  Concentrated  Suoar  Solution 

1 ea. 

71  .60? 

58.938 

Use  430/hr  for  coniDosite 

Tank 

crew  and  crane  time 

Installation  ' ; 

80  MH 

430/hr 

2 r 400 

10Q-341 

.Sugar  Solution  Storage  Tank 

1 pa  . 

7i  ,fio; 

58,928 

(equal  to  concentrated  sugar  solo- 

tion  tank) I 

. Tnstal latinn  - 1 ahor 

80  MH 

S30/hr 

2.400 

1 

1 

O 


ESTIMATE  WORK  SHEET 

project  FUEL  ETHANOL  PRODUCTION  FROM  W000  UASTF 
100-0  Equipment. 


r ( \ 

MULTITECH 


s> 


..Neutralization.  - Conceatrated--S£lud 


• © 


® • 
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ESTIMATE  WORK  SHEET 

project  FUEL  ETHANOL  PRODUCTION  FROM  WOOD  WASTE 

inn-0  Equipment _ 

Neutralization  ~ Pi  1 u t s solution  itD.ra.9G  XanJi 


ESTIMATE  NO  — - 

SHEET  NO  E-3  of  5 

PREPARED  BY  J ■ Rj  ChapJS OATeID/SI 

CHECKED  BY  . DATE 


9-40 


ESTIMATE  WORK  SHEET 

project  FUEL  ETHANOL  PRODUCTION  FROM  WOOD  WASTF 

LQQrQ  Equipment 

— ilputra-1  ization  - Pumps 


ESTIMATE  NO 

SHEET  NO  F-4  nf  5 

PREPARED  BY  J . RjchardS  DATE  1 D/rU 

CHECKED  BY DATE 


ACCOUNT 

DESCRIPTION 

QUANTITY 

COSTS 

WEIGHT 

JNIT  PR  1C 

AMOUNT 

UNIT  WT 

TOTAL 

n lMA Kng 

mo-?a2 

-lllgpstpr  Tran<;fpr  Pump 

1 pa 

j;  ?,qnn 

$ ?,qnn 

305 

355 

--JSlnale  Stane.  ilentri  fngal  50  gpm 

IQQ^.&52 

5_HP  Npma,  TFFC 

1 pa 

250 

35n 

i no- 282 

J.ransfpr_P.ump  (25  nr  in  gpm) 

2 ea. 

2,700 

5.400 

180 

350 

1QQ-652 

2 HP  Nema,  TEFC  Motor 

2 ea. 

255 

510 

100-282 

iieutral  izer  Transfer,  Sludae,  and 

3 ea . 

4 .non 

l ? .nnn 

450 

1 .350 

-Permitting  Transfer  Pump  - 200  gpni 

inn-fis? 

.7-5  HP  Motor 

3 pa . 

a?f, 

1 ,278 

Total  Pumps 

6 pa . 

?2  ,428 

2,100 

Installation  - labor 

144  MH 

ti3n /hr 

4 , 320 

V 

O C 0 C Q 
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ESTIMATE  WORK  SHEET 

project  FlIFI  ETHANOL. P-RQD11CTIQN  FRQM-WQQPJdASIE. 

ion=a. 


r \ \ 

MULTITECH 

ML 


Np11t.rli7at.lQn  - Centri  fugal  .Sppara.tor  ..Mixers,- 


ESTIMATE  NO 

SHEET  NO  p-fi  Of  5 

PREPARED  BY  aL.  ...Richards date  10/81 

CHECKED  BY DATE 


ACCOUNT 

DESCRIPTION 

QUANTITY 

COSTS 

WEIGHT 

REMARKS 

JNIT  PRICE 

AMOUNT 

UNIT  WT 

TOTAL 

inn-n 

f.pnt.ri fugal  .Spparat.nr 

1 ea. 

590.000 

$ 90.000 

3.000 

Instal  lat.inn 

80  MH 

530/hr 

2.400 

inn-n 

fa^rarlp  and  Rand  Filfpr 

1 pa 

i Rn  ,nnn 

130.000 

28.200 

‘ 

Installation 

240  MH 

630/hr 

7.200 

inn-n 

1 imp  Rtnrarjp  Rin 

1 pa 

Material 

1 .469  lb 

.53 

.779. 

1 -469 

Up  Id 

2RR  in 

64 

1 66 

1,469  lh 

?n 

294 

Bin  Total 

779 

Tnqtal 1 atinn 

460 

inn-n 

Mi  xprs . Tn-I  i np 

2 pa 

l ,6nn 

c 

c 

c 

! Cr 

Rnn 

■ 6nn 

Tn<;  ta  1 1 at  i nn 

Rn  mh 

S3f)/hr 

2,400 

i nn-n 

Tuhiilan  Cr\r\\/a\/r\Y'  with  Ran 

1 ea . 

2.700 

2.700 

?,nnr 

Breaker  Hopoer  C.S. 

Installation 

40  MH 

530/hr 

..urn 

Total  Installation 

, 

l 
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QUANTITY  SURVEY 


project  fuel  ethanol  production  from  wood  waste 

ACCOUNT 

LQfl-fl  Equipment 

Fermentation 


S£CTIQN_F 


MULTlTECH 


ESTIMATE  NO  

SHFE  T NO  F-l  Of  6 
PHEPAHEDBY  w MAHB_ 

CHECKED  BY 


DATE  10/81 

DATE 


ACCOUNT 

DESCRIPTION 

QUANTITY 

DIA. 

RPM/HP 

PRFSS . 

TFMP  . 

MATI  . 

' MAtL. 
THICK. 

1FS — 

CAPA. 

LOQr.A4X 

Yeast  Mix  Tank 

1 

fi'xR' 

i .nnn  ga 

mn-us 

Yeast  Mix  Agitator 

1 

1150/1  ,c 

1QQ-282 

Yeast  Transfer  Pump 

5 HP 

56  gpm 

1QQ-145 

Fermenter  Tank  Agitator 

6 

68/75 

1QQ.-341 

Sterilization  Tank 

1 

6 1 x5  * 

i ,nnn  ga 

100-145 

Sterilization  Tank  Mixer 

1 

1150/1 ,c 

inn- 341 

Olpaning  Chpmiral  Tank 

1 

F'yF' 

l nnn  qa 

inn-145 

Oleaning  Chpmiral  Tank  Agitator 

1150/1  f 

100-341 

Ypast.  Wash  Tank 

6 1 y5  ' 

i ,nnn  ga 

inn-145 

Yeast  Wash  Agi  t.atnr 

1 1 RD / 1 f 

inn-n 

Yeast  Wash  Separator 

1 

5n  hp 

;00-220 

Sugar  Snlntinn  Cooler 

1 

c.s./ss 

100-341 

Fprmpnta t i nn  Tanks 

6 

| ? 1 X46 1 

f.  s 

4B^_4QO 

inn-ndi 

R ppr  Tanl'c 

? 

2 1 x45 ' 

r.  s 

dn,nnn 

l nn-?R? 

Transfer  Pump  Without  Drive 

1 

316 

2£L[L_ 

100-0 

Yeast  Clean  Centrifune 

2 

316 

400  qpm 

• 

inn-651 

Yeast  Drive 

? 

50  HP 

inn-?R? 

Transfpr  Pnmn 

8 

3T£. 

-5jQO-gpin- 

i nn_  fii;i 

Dri  ve 

8 

5n  HP 

c c 


o 
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PROJECT 


ESTIMATE  WORK  SHEET 

I FROM  WOOD  WASTE, 


MULTJTECH 

vp 


© O 


Fermenta-tion  - Pumps 


ESTIMATE  NO 

SHEET  NO  F-2  of  6 

PREPARED  BY  „MAHB 

CHECKED  BV  


. DATE  10/81 


ACCOUNT 


inn-282. 


lon-zaz. 


DESCRIPTION 


Y p , i s t Transfer  Pump  5. gpni. 


Transfer  Pump  200  gpni 


QUANTITY 


UNIT  PRICE 


_L_£^ 


1 


COSTS 


$ 87Q 


4,QQQ 


AMOUNT 


$ 870 


4 ,QQQ . 


WEIGHT 


UNIT  WT 


139 


_4HL 


TOTAL 


JJ1 


_45IL 


REMARKS 


3 HP  Drive 


7.9  HP  Drive 


inn-282 


1QQ-6.5L 


Transfer  Pump  900  gpm 


Total  far  PumfiS- 


Dri vers 


6..  ea. 


1 ,7.Q£ 


10,236 


111 


2,730 


50  HP  Drive. 


8 .ea. 


15.106 


3.315 


7 HP  NIFMA  "A"  TFFC 


7 t HP  NFMfl  "A"  TFF.f.. 


90  HP  NFMA  "A"  TEFC, 


1 ea. 


250 


A2SL 


1 ,94Q 


11  .650 


Total  for  Drive 


HJ10- 


Total  Pumpa. 


.Instal  latjaru, 

2 (24)  48 

6 (32)  1 9.2 — 


171411 


2.40- 


33.Q/_hn 


7,200- 


9-44 
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muliItech 


ESTIMATE  WORK  SHEET 

project  fuel  ethanol  production  from  wood  waste 


100-0  Equipment  

Fermentation  - Fermenation,  Beer  Storage  Tanks 

ESTIMATE  NO  

SHEET  NO_  F-3  of  6 

PREPARED  BY  J.  Richards  cutf  10/fti 

CHECKED  BY DATE 


ACCOUNT 

DESCRIPTION 

QUANTITY 

COSTS 

WEIGHT 

UNIT  PR  1C f 

AMOUNT 

UNIT  WT 

TOTAL 

HcMAHKS 

inn- 341 

Ee.nilPntflf.inn  and  Rppv-  Storage  Tanks 

ft  ea  . 

-JZ'.  diameter  x 45'  T to  T 

Carbon  Steel  Construction 

144"  diamptnr  shell  x 45 1 

45' 

fc  420 

s lft.qno 

9fifi 

43.470 

--5 -/ft"  thirk  material 

S.E.  Heads 

pai  r 

4.925 

4.925 

1 1 .05fi 

n .nsfi 

iiozzles 

6"  RF  1 SO  # 

fi  ea  . 

277 

i .no? 

tin 

son 

1ft"  Manway 

1 PR 

1 .DSft 

sfift 

sfift 

^import.  1 egs 

ft  ea  . 

q? 

73fi 

inn 

ftnn 

Total  Onp  Tank 

71  , 281 

sfi  3n44 

Use  ftn  tons 

■Installation  (1.8  x IS)  + Si  = 78 

80  MH 

S.ftO/hr 

7 .400 

lata!  far. Fermentation  and  Rpgr 

ft  ea 

27 , 281 

21ft.  248 

56.044 

448,352 

Storage  Tanks 

■Installation 

8 X 80 

S 30/hr 

iqr2nn 

V 

i 

1 1 

9 C Q C 0 
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PROJECT 


ESTIMATE  WORK  SHEET 

FROM  WOOD  WASTE, 


TITECH 

vu 


/ 

MUL 


Fprmenta tj nn  Serfion  ~ Ypast T -Steri Lizatixm,  Yeast  Wash.»—  and_ 


C leaning- 


ESTIMATE  NO 

SHEET  NO  F-4  Qf  _6 

PREPARED  BY 
CHECKEOBY  . 


. DATE  10/ 81 
DATE 


ACCOUNT 

DESCRIPTION 

QUANTITY 

COSTS 

WEIGHT 

REMARKS 

J N IT  PRICE 

AMOUNT 

UNIT  WT 

TOTAL 

inn-341 

Tanks  , 5-5  7?"  x 5'  T tn  T 

4 pa 

5/8"  thick  <;hpll 

5' 

* 7?q 

.$  3,645 

445 

?,??  5 

5 F Hoads 

pai  r.  . 

7 r 955 

7,965 

1,119 

1 ,119 

Nn77l ps 

6"  RF  16fl # 

3 pa 

831 

? ,493 

60 

lftO 

5unnnrt  1 pns 

4 pa  . 

q?i 

36  ft 

100 

400 

Total  Dnp  Tank 

1 pa 

1 4,471 

3,934 

Use  two  tons 

Installation 

40  MH 

^30 /hr 

1 , 300 

Total  Ypast . 5tprili7at.inn  and 

4 pa  . 

14.471 

5 7 , ftftA 

.3  , q?-4 

i5,aaa 

Plpaninn  Tank*: 

Installation  4fl  y 4 

lfifl  MH 

>30/ hr 

4J«nn 

* 

1 
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ESTIMATE  WORK  SHEET 

project  fuel  ETHANOL  PRODUCTION  FROM  WOOD  WASTE 

1Q0-0  Equipment. 

Fermentation  - Agitators.  Coolpr 


ESTIMATE  NO  

SHEET  NO  F-6  of  6 

PREPARED  BY  .MAHB DATE  1 O/Ql 

CHECKED  BY DATE 


ACCOUNT 

DESCRIPTION 

QUANTITY 

COSTS 

WEIGHT 

UNIT  PRIC 

AMOUNT 

UNIT  WT 

TOTAL 

HcMAHKS 

inn-146 

Aflj-tator.S  fnr  all  Tankc 

_Ba.th  Homogenizer  Mixer 

12 

5 5 .600 

$ 67.200 

900 

10.800 

Model  -t 6H  with  Drive 

Total 

-Installation  M2  x 32) 

384 

S-. 

JZ 

c 

cn 

JjB 

11.620 

100-220 

■Sugar  Solution  Coolpr 

1 

22.613 

22.61 2 

1 .860 

1 , 860 

Modify  With  31  fi  FT  Tnhes 

4 ,000 

4 000 

Total  fnr  Pooler 

26,613 

1 ,860 

' 

-J.ost.a1 1 at  ion 

20  MH 

ton /hr 

600 

i 

1 

• 6 O © C) 
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ESTIMATE  WORK  SHEET 

MULl'ITECH 

vp 

FUEL  ETHANOL  PRODUCTION  FROM  WOOD  WASTE 

ESTIMATE  NO 

SHEET  NO  F-6 

of  6 

1 00-Equi pment 

PREPARED  BY 

MAHR 

DATE  ] 0/81 

Fermentation  ■--Centrifuges 

CHECKEOBY  ___ 

DATE 

ACCOUNT 

DESCRIPTION 

QUANTITY 

COSTS 

WEIGHT 

REMARKS 

UNIT  PRICE 

AMOUNT 

UNIT  WT 

TOTAL 

inn-n 

Yeast  Cream  Centrifuge  Separator 

2 ea. 

S90.0QQ 

$180,000 

3.000 

6.QQQ 

$ 1Q.QQQ  each  for  P&C 

Yeast  Wash  Separator 

1 ea. 

90,000 

90.000 

3,000 

Total  Centrifuaes  and  Separator 

$270,000, 

9.QQQ 

Tnstal  l atinrj  - | flhnr 

8 Y 240. 

f;  20/hr 

21 ,cnn 

# 

• 

V 

, 

' 

9-48 


DATE  10/81 
DA  IE  


ACCOUNT 

DESCRIPTION 

QUANTITY 

DIA. 

T to  T 

WIDTH 

HEIGHT 

LENGTH 

SPACE 

CAP. 

TOTAL 

_L.Q.Qr.Q 

Distillation  Sort  inn 

Beer  Stri pper/Rerti fi pr 

4?" 

7fi' 

— Anhydrous  Tower  and  Reboiler 

3fi" 

SO' 

\ 

Hydrnrarhnn  Stripppr 

?4" 

zm  • 

Reflux  Drum 

Fusel  Oil  Bat.r.h  Penanter 

Tank 

All  Piping  Instrumentation 

Pumps 

Fxrhanqers 

Total  Size  on  Skids 

9 pa 

1 ? 1 

l?1 

in1 

IS1 

4n 1 -in 1 

inn-?4i 

Fthanol  Storage  Tank‘d  0 9 

9 pa  . 

144" 

fin 1 

fin  nnn  n 

,1 

inn-?8F 

Pump  POO  gpm J T~|fi  fifi 

1 ea. 

V 

- 

• © O 9 o 


QUANTITY  SURVEY 

project  FUEL  ETHANOL  PRODUCTION  FROM  HOOD  WASTE 
ACCOUNT  100-0  Equipment 
Distillation  Section 


MULTITECH 


_S££X1M_G_. 


ESTIMATE  NO  

SHEET  NO  _ G-l  of  2 
PREPAREO  B < lL 

CHECKED  BY  _ 


Ri  r.hards 
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PROJECT 


100-0  Equipment 


ESTIMATE  WORK  SHEET 

PRODUCTION  FROM  WOOD  WASTE 


Distillation  Section 


{ \ 

multItech 

VU 


ESTIMATE  NO 

SHEET  NO_  G-2  of  2 

prepared  by  J . Ri  r. hards date  10/81 

CHECKED  BY DATE 


ACCOUNT 

DESCRIPTION 

QUANTITY 

COSTS 

WEIGHT 

UNIT  PRICE 

AMOUNT 

UNIT  WT 

TOTAL 

ntBnKTiKrf 

..1QQ--.Q 

Distillation  Section 

1 ea, 

1>545 ,00 

0 S545.00 

) 70,000 

70.00C 

Installation  - Labor 

1 .000  MH 

$30/hr 

30.00 

) 

100-341 

Ethanol  Storage  Tanks 

2 ea. 

50.000  aal . C.S.  5/8"  thick 

Shell.  .Spot  X-Ray,  C.S.  5/8"  thick 

60‘ 

374 

5 22.440 

965.7 

57.942 

2 ea.  S.F.  Heads 

Pair 

8.951 

8.951 

11,056 

11  ,056 

Legs  and  Base  Plates 

4 ea. 

92 

368 

100 

40C 

Nozzles 

2"  1504  RF 

4 pa 

91 

364 

14 

56 

6"  1 50#  RF 

2 ea. 

277 

554 

60 

12C 

18"  150#  RF 

1 ea. 

1 .058 

1 .058 

358 

35f 

Rl i nH  FI angp  18" 

1 pa 

. . 649 

649 

310 

31  f 

Total  One  Tank 

1 ea. 

34.384 

70.241 

Installation  - Labor  (59  + (0.8  x 6' 

1 65  MH 

* 30/hr 

1 .950 

Total  Tanks 

? ea. 

34  1 384 

68 ,768 

70,242 

140.48^ 

100-28? 

Ft.hanol  Transfer  Pump 

1 pa  . 

4 , non 

4 ,000 

450 

45f 

ioo-667 

7-1/?  t|Pf  TFFC,  Fxpl nsi nn-Prnnf , 

1 ea  . 

748 

748 

250 

?5f 

NFMA  R,  Class  R Insulation 

V 

Total  Transfer  Pump 

4 >748 

ZQQ 

Installation  - 1 ahor 

2 4 MH 

$30/60 

720 

. 

1 

OS-6 


QUANTITY  SURVEY 

project  fuel  ethanol  production  from  wood  waste 

ACCOUNT 

100-0  Equipment 

Sugar  By-Product  Recovery 


ACCOUNT 

DESCRIPTION 

QUANTITY 

DIA. 

T to  T 

PRESSURE^ 

TEMP. 

MATL. 

TTOTT — 
THICKNES 

— CRF- 

5 AREA 

_11M_ 

First  Stage  Fvapnratnr 

1 

50  nsia 

??5°F 

316 

1 .500 

-IQQtQ 

Second  Stage  Evaporator 

1 

.60  p s i a 

260°  F 

316 

1 QQ-22Q 

Stillage  Preheater 

1 

50  p«;  i a 

250°  F 

gi  6 

50  ft2 

100-220 

Preheater 

1 

SO  p=;ia 

250°  F 

316 

50  ft? 

IOu-220 

Molasses  Preheater 

1 

50  psia 

250°F 

316 

SO  ft2 

100-230 

Condenser 

1 

50  Dsia 

250°F 

316 

SO  ffZ 

100-341 

First  Staqe  Flash  Drum 

1 

?.' 

4' 

50  psia 

260°  F 

316 

100-341 

Second  Stage  Flash  Drum 

1 

2 1 

4 1 

50  psia 

260°  F 

.316 

100-341 

Thin  Sti 1 1 age  Tank 

1 

1?' 

24' 

316  . 

2,000  g; 

1 

TOO- 341 

Molasses  Storage  Tank 

1 

12' 

60' 

316 

10,000  gr 

1 

100-282 

Pumps 

Transfer  Pump 

1 

316 

200  gpm1 

45  '....TOIL.. 

Circulation  Pump 

1 

316 

1 ,QQ0.  .gpx 

i 1.00  ‘ T.DH 

f.i  rr ulatinn  Pump 

1 

- 

316 

JLQELipiL 

lOq'-TDH 

First  Stacie  Circulation  Pump 

1 

316 

. 5Q...  ..gpm 

100'  TOH 

Second  Staae  Circulation  Pump 

1 

ILC 

..SQ....9PCL 

4S  ' TnH 

Transfer  Pump 

1 

__316 

2.EL_gim- 

25-5-XQ8 

— TOlPU 

Sfpam  fnmnrPQcnr 

1 

7 psi 

38,500  11 

/hr 

• © o © © 


SECTION  H 
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r\ \ 

MU1.11  TECH 

vjk 


ESTIMATE  NO  

SHEE I NO  H- 1 of  6 
PREPARED  BY 
CHECKED  BY 


-DATE  - 1 Q/ 8.1- 
_DATE  
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ESTIMATE  WORK  SHEET 

project  FIIFI  FTHANOI  P R0fll ICXIT1N  F_RQM_W0QD-1MSIE 

100-0  Equipment 

Sugar  By-Product  Recovery  - Pumps 


ESTIMATE  NO 

SHEET  NO  H-2  Of  6 

PREPARED  BY  MAHR DATE  1Q/B1 

CHECKEDBY  DATE 


ACCOUNT 

DESCRIPTION 

QUANTITY 

COSTS 

WEIGHT 

REMARKS 

JNIT  PRICE 

AMOUNT 

UNIT  WT 

TOTAL 

ioo-?r? 

Transfpr  Pump  (?00  gpm) 

1 

1 4 .000 

J 4.000 

450 

450 

7-1/2  HP 

ioo-?r? 

Cirrulatinn  Pump  (1,000  gpm) 

1 

6t?50 

6.250 

615 

615 

5.Q_iiE 

ioo-?r? 

Circulation  Pump  (100  apml 

1 

3,700 

3,700 

440 

440 

5 HP 

ioo-?r? 

First  Ftagp  OirmlAtinn  Pump  l SO  gpm) 

1 

? ,900 

? , 900 

165 

155 

5 L±E 

‘l  nn_?R? 

RprnnH  Rtpgp  fimilatinn  Pump  ( 50  gpn 

1 1 

? , 700 

? ,700 

IRQ 

iao 

2 HP 

ioo-?r? 

Trp  n<;  fpr  Pump  (?5  gpml 

1 

? ,700 

? ,700 

ISO 

1RO 

2_H£ 

Dri  \/pr^ 

50  HP  NFMA  0p<; i gn  A TFFC 

1 

?T000. 

?,000 

_ _ 



7-1/?  HP  NFMA  np^inn  A TFFC 

1 

4?6 

4?6 

_ _ 

_ _ 

5 HP  NFMA  npsinn  A TFFC 

2 

R50 

o 

CD 

j 

_ _ 

_ _ 

? HP  NFMA  Dpsiqp  A TFFC 

? 

255 

51a 

_ - 

- _ 

TOTAI  PUMPS 

2 f 230 

Installation 

(5  x 24)  + 1 x 32 

152  . 

30 

3 4,560 

— 

i 
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estimate  no  

SHEET  NO H-=_3 — Of — 6 

PREPARED  BY  MAHR OATE  19/81  • 

CHECKED  BY OATE 


ACCOUNT 

DESCRIPTION 

QUANTITY 

COSTS 

WEIGHT 

JNIT  PRIC 

AMOUNT 

UNIT  WT. 

TOTAL 

100-0 

First  Stage  Evaporator 

Second  Staae  Evaporator 

..Vapor  Onndpnsnr  and  Sfpam  r.nmprpssnr 

_(..Vendor  Quote) 

$246,041 

42  .000 

42.000 

Installation 

1 50 

; 3o 

4.800 

100-230 

Condenser 

1 

>12. 300 

12.300 

1 ,850 

Model  85 -F  STOKFS.  Tnr. 

-Vprt-inalL-Tnhp  Surface 

Condenser  or  receiver 

• 

Vacuum  TvDe 

__Modifv  using  315  SS  t.uhps 

4.000 

Inia.1  Final . Condenser 

1 6 . 300 

1 .850 

Installation 

18  MH 

.30 

540 

V 

• © o © c 


ESTIMATE  WORK  SHEET 


PROJECT 


100-0  Equipment 


2RQDUCTIQN  FROM  HQQHJalASIE 


r \ \ 

MULTITECH 

Vs^ 


Recovery 


-Evaporator -Ser.tinn  and  Final 
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ESTIMATE  WORK  SHEET 

FUEL  ETHANOL  PRODUCTION  FROM  WOOD  WASTE 

100-0  Equipment  _ _ 

Sugar  Bvr Product  Recovery  - Flash  Dr_um_ 


estimate  no 

SHEET  NO__j-U4_  -Of -6 

PREPARED  BY  MAHB DATE  1 0/  8.1 

CHECKEOBY DATE 


ACCOUNT 

DESCRIPTION 

QUANTITY 

COSTS 

WEIGHT 

JNIT  PRICE 

AMOUNT 

UNIT  WT 

TOTAL 

100-341 

Flash  Drums  316  SS 

2 

> 4,356 

' $ 8,712 

1,334 

2 ,668 

From  pagp  A-? 

Installation  4Q  x 2 

80 

30 

2.400 

- 

V 

j 

i 
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ESTIMATE  WORK  SHEET 


pnojECT  -F1IFI  FTHANQI  PRDniirTTDN  FROM  UOQn  WASTF 
100-0  Equipment  ~ 

1 Sugar  -By-Product  Recovery  - Tanks 


ESTIMATE  NO  

SHEETNO_H-5  Of  ■ 6 

PREPARED  BY  MAHB DATE 

CHECKED  BY DATE 


ACCOUNT 

DESCRIPTION 

QUANTITY 

COSTS 

WEIGHT 

REMARKS 

UNIT  PRIC 

AMOUNT 

UNIT  WT 

TOTAL 

100-341 

-_Jhin  Still age  Tank  316  SS 

- 1 

1?'  x 24"  5/P  Tank 

24  ft 

, 1 .250 

5 30.240 

965  70 

23 .1 77 

S-.  E . Head 

Dai  r 

14,775 

14  775 

1 1 056 

1 1 056 

All  Other  

AR 

7.’ 000 

1 .767 

Total  Thin  Stillage  Tank 

52.015 

36  .000 

1 8 tons 

1 abor 

30 

30 

900 

- 100-341 

-Concentrated  Solution  Tank 

x 50'  5/ft  think  316  55 

50'  ft 

1 ?50 

75,500 

965  70 

57  94? 

SF  Heads  . 

2 

14,775 

14.775 

1 1 . 056 

1 1 '056 

A1 1 Others 

AR 

7,000 

1 767 

lulal  Concentrated  Siilntion  Tank 

97,375 

70,765 

36  tons 

Labor 

88 

30 

2.640 

Total  for  Tanks 

149,390 

106  765 

Instal lation 

118  MH 

30 

3.540 

V 

1 

• ® 9 © Q 
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ESTIMATE  WORK  SHEET 

FTH  ANOI  PROnnrTTONI  FROM  WOOn  UARTF 

MULTJTECH 

Vp 

ESTIMATE  NO 

SHEET  NO 

H-6  of 

6 

inn-n 

Fqni  pmpnt. 

PREPARED  BY 

DATE  10/81 

Sugar 

P,y-Prnrlnrt  Recovery  - -Ereheater 

, 

CHECKED  BY 

DATE 

ACCOUNT 

DESCRIPTION 

QUANTITY 

COSTS 

WEIGHT 

REMARKS 

UNIT  PRICE 

AMOUNT 

UNIT  WT 

TOTAL 

From  nigpcfpT'  LJafpr  Hpafpr 

inn-?nn 

prphPfiter 

3 

p?l , ?05 

$53,515 

5,500 

16,000 

Modify  lining  315  SS  tnhps 

Total  Prphpat.ers 

3 

63,615 

T n<;  f a 1 1 3f  i nn  (?&  x 8) 

7? 

30 

? ,150 

Stpam  Fnmprpssnr 

Tnrludpd  in  Fvapnratnr 

CclsT; 

• 

V 

1 
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r f \ 

MULTITECH 
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estimate  no  _ 

SHEET  NO L 

PREPARED  BY 
CHECKEOBY  _ 


1 Of  7 


oate 

DATE 


ACCOUNT 

DESCRIPTION 

QUANTITY 

COSTS 

WEIGHT 

UNIT  PRIC 

AMOUNT 

UNIT  WT. 

TOTAL 

H t MA K KS 

1-0 

Hydro! yzer/ Neutral i zer  Building 

6,000 

1 4T 

$264,000 

— 

— 

All  costs  in  this  sectior 

-6.QQQ  sg.  ft.,  use  mid,  structural 

include  labor 

steel  frame 

-Boiler  Building 

3,9?n 

40 

156.800 

-3,920  so.  ft. /us  mid,  reinforced 

..concrete 

-_Eerment.af.ion  and  Distillation  Rldg. 

5,200 

54 

280.800 

5-^200  sq ft  . usp  high  f strnctura  1 

-steel  frame ' 

Administration  & Maintenance  Blda. 

1 ,600 

8?  6 

5?  000 

..1,000  sq.  ft.,  use  mid,  masonry 

construction 

.... Total 

753,600 

?-n 

.Site  Work 

2^1A 

. Excavation  and  Backfill  01ass  1 Mat! 

Wood  Storage  ?DD  x ROD  x 1 

40,000  cf 

h 

....Sett  ling.  Ponds  1 OP  y 1 OP  y ] O y ? 

200.000 

Bldg.  Footings  6'  x ?'  x 107? 

12,86? 

Coal  .Storage  IDO  x inn  y 1 

10  000 

—Bldg P_ad.s.~.16,720  x 1 

16  720 

-PI  us  Add 

20 ,000 

339,582  eft 

12,600  cy 

12,600  cy 

3.5? 

44,353 

uo 

-Land  0 Butte  Industrial  Park 

1.5  acres 

9,000 

103,500 

i 

1 

6 t q C 0 
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ESTIMATE  WORK  SHEET 

project  FIIFI  FTHANOI  PRQDlimQN  FROM  WOOD-WASTE 
General  Costs 


ACCOUNT 

DESCRIPTION 

QUANTITY 

COSTS 

WEIGHT 

REMARKS 

JNIT  PRICE 

AMOUNT 

UNIT  WT 

TOTAL 

2-n 

f.nnrrptp 

T-S  nn  2 5 

WnnH  Storage  200'  x 200'  x R" 

988  cy 

Si  66 . 50 

$164,502 

Wnnd  Process  200'  x 200'  x R" 

988  cy 

166.50 

164,502 

Coal  St.oraae  100'  x 100'  x 8" 

247  cv 

166.50 

41  .126 

Various  Pads  10'  x 20'  x 10'  x 8" 

50  CY 

166.50 

8,325 

Tota  1 

278 ,455 

?-40 

Water  0i  stri  huti  nn 

0iiot.il e Iron  Pressure  Pipe 

6"  pipe 

300' 

8,79 

l r 
a 

O'" 

4"  nine 

100' 

6.87 

6BX 

6"  fittinas 

25  ea 

200  00 

c 

c 

LT 

4"  fittinqs 

5 ea. 

200.00 

1 ,000 

fi"  V/alVPS 

c pa 

500  rQQ 

2.500 

4"  valves 

5 ea. 

400.00 

2,000 

Reduced  pressure  backflow 

1 pa  . 

2,744 

2,744 

for  4"  0 boiler 

Total 

V 

20,826- 

A^nhalt  P.nnrrpfp 

8,000  ft?. 

2 19 

1X,S20 

L — zLJ. 

— — 

9 7,5  20 

, 

, 

i 

ESTIMATE  NO 

SHEET  NO 

PREPARED  BY 
CHECKEOBY  . 


a 


chards 


OATE 

DATE 


10/81 
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ESTIMATE  NO 

SHEET  NO  T-.8  nf  7 

prepared  by  J.  Richards  datf  10/81 

CHECKED  BY  DATE 


ACCOUNT 

DESCRIPTION 

QUANTITY 

COSTS 

WEIGHT 

JNIT  PRICE 

AMOUNT 

UNIT  WT 

TOTAL 

lit  MA  H Kg 

15-87 

Sewagp  and  Drainage 

Site  Drainage  fi"  PVC 

1 .000' 

?.sn 

S 2.8nn 

-.I.££S 

fi  ea . 

fi7  24 

848 

Sewage  Disposal  fi" 

.Cast.  Iron'  Drain  

1 .400' 

7.58 

in. 542 

— tn  settling  pnnii  from  prncess 

— 400 1 — tQ-sewsr  main  

-8DD 1 from  clearing  tn  settling  pnnr 

— Eitiings I L. 

fiD 

fin 

8,  nnn 

.Intal 

1 ft , 1 85 

■ 15-47 

Process  Piping 

fi"  pipp  8(14  r ss. 

2.  nnn1 

fi7  75 

i8fi.finn 

4"  pipe 

4 , nnn 1 

87  80 

i4QJ2nn 

2"  nr'  smaller 

i?,nnn' 

ft  Q 8 

in7  ifin 

Fi tti ngs 

ft"  pipe  104  1 Bu t tV/P 4rl  1 5Q 

?nn 

84 fi . 

ftqTnnn 

4'  pipe  Riittwelrl  158 

4nn 

188 

7 fi  ?nn 

2"  or'  smaller  socket  weld  3.QQ0 

i ,?nn 

2DD 

i44!nnn 

Values 

fi"  pipe  1 fifl#  f]ange^ 

28 

2.2.87 

44 . 74n 

■-4-1! pipe  150#  flanged 

4n 

1 j 2ft4 

fin ,558 

2"  nr  smaller  snclcet  welrl 

l?n 

828 

8q.8fin 

l£LtaJ 

V 

814,728 

i 

' 

• ^ Q ® Q 
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ESTIMATE  WORK  SHEET 

project  FUEL  ETHANOL  PRODUCTION  FROM  WOOD  WASTE 
General  posts 


ESTIMATE  NO  _ 

SHFFTNO  T-4  Of  7 

PREPARED  BY  J ■ Rj  ChardS _ OATE  10/81- 

CHECKEOBY  CATE 


ACCOUNT 

DESCRIPTION 

QUANTITY 

COSTS 

WEIGHT 

REMARKS 

UNIT  PRICB 

AMOUNT 

UNIT  WT 

TOTAL 

1 r_  rci' 

Instrumentation  and  Control 

6"  control  valves 

5 

i>  3,356 

$ 16,780, 

Zl"  rnntvnl  i/plupc 

in 

2,047 

20,470 

2"  control  valves 

20 

1 :09Q 

21  18001 

1 i oui d 1 evel  oaoes 

20 

388 

7.760 

20 

100 

2.000 

Thermowells 

20 

LX 

3,5m 

FI  nw  t ra ncmi  tforc; 

5 

1 ,1001 

5,500 

Prpssurp  f.ran^mi  t.t.prs 

10 

1 .000 

10,000 

TemDerature  transmitters 

10 

1 ,000 

10.000 

1 pvpI  transmi t tprs 

5 

1 , R00 

7 . 500 

R 

1 ,713 

18.565 

7'-6"  hi  oh  y 4' 

4 ft 

'310 

1,2M 

1 

R20 

52J3 

1 

RQ 

60 

Alarms 

6 

11Q 

660 

1 

443 

443 

1 ahor 

40 

211 

800 

T nQ  tri  impnt  Pininn  Ifnntrnl  \/al\/p<:l 

OR 

3RR 

12J7.5 

[ I nstrunipnts  1 

10 

600 

6,000 

1 Ti ih i ng  ) 

4R 

89  60 

4,032 

(IpvpI  aaap  installation! 

20 

204 

Com 

Total 

150.762 

1 R 76 

WannprQ  anH  ^unnnrtQ 

Rrarkpf s 

100 

2,436 

2,436 

100 

1 .799 

1 :799 

fl  pvi  <;  hanopr^ 

100 

443 

4.43 

, Installation  .Labo-E 

T 7c  + 16  J-  701 

1 66 

18 

2 ,988 

— ± — UO — ± — 

lota  1 

7,666 
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/ f \ 

MULTITECH 

vjk 

ESTIMATE  NO  

SHEET  NO 1-5  q£_& 

prepared  by  J . Richards  oate  10/81 

CHECKED  BY DATE 


ACCOUNT 

DESCRIPTION 

QUANTITY 

COSTS 

WEIGHT 

JNIT  PRIC 

AMOUNT 

UNIT  WT 

TOTAL 

ittwA  H K 5 

16-0 

Power  Distribution 

Underground  fiber  conduit  systems 

150 

$ 667 

o 

o 

o 

— L5.r0ilQ  V armored  rahlp 

160 

28.67 

4.000 

— Qprvirp  pntranrp  4,000  amp  4 wi  rp 

2 sections 

3.710 

7 . 426 

40 

1 R 

790 

Circuit  breakers  800 

5 

5 ,189 

27,445 

— Main  circuit  hreaker  panels 

6 

3.230 

16.150 

8flfl_amps  - 1 PH  4 wire 

— PVC  rnndni t 3" 

i t?no 1 

q qn 

11,880 

600  V amored  cable 

1 .200 

5.60 

6.720 

i/jL'-xnnduil 

8.000' 

.80 

6.400 

8/0  standard  stranHpH 

8.000' 

2.29 

18.020 

— Motor  control  renters 

10-16  HP  SS  nonrpyprsing 

6 

5. non 

00.000 

Total 

100.061 

—LA=2A 

instrumentation  Wiring  24  pair 

8.000 

2.43 

19.440 

Conduit  3/4" 

8.,  non 

.80 

6.400 

Total 

26,840 

I 

V 

1 

— 

j 

1 

| 

• ® c o c 
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ESTIMATE  NO  . 


SHEET  NO  I-fi  Of  .7 

PREPARED  BY  J . Ri  c hards. 


CHECKED  BY  _ 


DATE 

DATE 


ACCOUNT 


DESCRIPTION 


QUANTITY 


UNIT  PRICE 


COSTS 


AMOUNT 


WEIGHT 


UNIT  WT 


TOTAL 


REMARKS 


p-fin 


-ua- 


Spttling  Pnnds  (suhrnntrart  pricel 


i -nno1 S.  25.^56 


?fi.fifin 


PAtorpillpr  Qfifi-n.  — ] oaders. 


3 ea, 


167.000  501  ,000 


4-yard  bucket. 


6-n 


Miscellaneous  Structural  Steel 


25  tons  - 50,000  1b 


5Q.QQQ  Jh. 


52. 


26.500 


Weld 


24,000" 


52 


12,480 


Install ation 


Tnt.aL 


50,000 


20 


10,000 


4ft .PRO 
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estimate  no _ 

SHEET  NO ^ 1-7  of  7 

PREPARED  BY  J ■ Rj  ChdTdS  DATF  TO/ 81 

CHECKEDBY GATE 


ACCOUNT 

DESCRIPTION 

QUANTITY 

COSTS 

WEIGHT 

JNIT  PRIC 

AMOUNT 

UNIT  WT 

total 

ItlrwA  ■ * K S 

— IQQ^Q 

-Boiler  T600P  CNB  Tri-Fnpl 

5 ea . 

>240  ,00 

0$1 ,200,0 

00  46,00 

0 230, 00C 

1“ 

■ _2fL.Qflfl  .#/hr,  16(1  psi 

complete  with  sto<er 

Installation  - Labor 

400  MH 

530/hr 

12,000 

..  6-10 

TLaiJrnarl  Unloading  Hnpppr 

-MatPriaJ I 

2,qR2" 

46 

1 . 262 

2 r Q2P 

-Welrii no 

288" 

,86 

248 

Installation 

2 .938 

.20 

588 

Total  Hnpppr 

1 pa  . 

1 , 882 

2 .Q2F 

-Installation 

826 

100-7 

Conveyors  - 30 1 

2 pa  . 

12.R6Q 

26 .718 

6 . Q72 

1 3.944 

Installation  - Labor 

2 ea. 

3,540 

7,080 

5-10 

Stoker  Feed  Bin 

Mat.pri  al ; 

1 2 f 240- 

.46 

6,621 

1 2 , 24f 

Wei d i nq 

1 ,152" 

.86 

995 

" Insta l lation 

I2’’240f 

.20 

2,443 

Total  Bin 

1 pa  . 

6.621 

1 2 , 24f 

-Install ati on  - labor 

2.448 

Roilpr  Total 

, 222  3 7(11 

Installation  - Total 

V ' 

23,359 

- 
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l.o  EXECUTIVE  SUMMARY  AND  INTRODUCTION 


1.1  SUMMARY 


Three  towns  in  Montana  were  studied  for  their  possible  ability  to  support  a 
small -to-medium  plant  that  would  make  fuel-grade  ethanol  (FGE)  from  wood: 
Anaconda,  Lincoln,  and  Livingston. 


A screening  and  evaluation  method  was  devised  to  determine  whether  enough 
feedstock  was  available  to  allow  economic  plant  operation.  Wood  wastes  were 
considered  the  most  likely  feedstock,  although  straw  was  also  considered. 
The  major  resource  costs  when  using  forest  residues  is  the  collection  and 
transportation  to  the  plant  site,  which  have  a very  limiting  effect  on  plant 
size.  If  supplemental  funds  or  concentrated  sources  of  wood  waste,  such  as 
mills,  are  available,  then  larger  collection  areas  and  larger  plants  are 
possible.  From  just  the  waste  available  for  collection  in  the  forest,  the 
possible  plant  sizes  at  the  three  study  locations  are  the  following: 


Location 

Anaconda 
Lined  n 
Livingston 


Maximum 

Gallons  of  Fuel  Alcohol  Per  Year 

1,340,000 

775.000 

190.000 


The  wood-chipping  plant  at  Livingston  was  not  considered  in  the  waste  wood 
availability  analysis,  but  could  be  a valuable  fuel  source  if  competitive 
demands  did  not  exclude  it,  either  through  availability  or  cost.  Other 
resources,  such  as  mills  wastes,  wood  chips,  or  straw,  could  increase  plant 
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feasible  capacity  to  900,500  gallons  per  year  (gpy)  for  Lincoln  and  340,000 
gpy  for  Livingston. 

The  wood-to-alcohol  conversion  process  used  as  the  basis  for  this  study  was  a 
modified  Madison  process.  The  Madison  process  has  been  commercially  used  in 
the  past  and  was  updated  with  obvious  modern  technological  improvements  to 
serve  as  the  cost  model,  and  for  the  estimation  of  the  amount  of  dry  wood 
required  to  produce  a gallon  of  fuel  alcohol.  The  process  is  detailed  in  the 
Milestone  3 Report.  A plant  cost  curve  was  established  for  capacities  ranging 
from  0.2  million  gallons  per  year  (Mgpy)  to  2.5  Mgpy.  Specific  cost  estimates 
(in  1984  dollars)  were  made  for  four  plant  sizes: 

Capacity  in  Mgpy  Estimated  Cost,  Million  $ 


A significant  reduction  in  cost  may  be  achieved  by  using  second-hand  equip- 
ment, and  this  effect  is  evaluated  in  the  financial  analysis.  Also,  as  shown 
above,  increases  in  plant  capacity  significantly  reduce  costs. 

Environmental  impacts  and  the  requirements  for  permitting  and  licensing  were 
evaluated.  The  agencies,  procedures  and  standards  that  would  be  necessary 
before  operation  were  identified.  The  impacts  identified  were  not  unique  and 
appear  to  be  conventionally  controllable.  Air  emissions  would  be  primarily 
those  associated  with  a typical  small  steam  plant.  Liquid  wastes  would  be 
largely  waste  water  that  would  have  to  be  treated  prior  to  off-site  disposal. 
No  special  treatment  is  indicated.  Solid  wastes  from  FGE  plants  are  classified 
non-hazardous  so  conventional  waste  handling/disposal  practices  will  be 
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adequate.  Quantities  could  be  reduced  by  sale  of  most  of  the  solid  material 
as  animal  feed. 

Although  the  permitting  and  licensing  period  would  be  lengthy,  no  special 
problems  are  foreseen.  Conventional  engineering  design  and  good  operational 
practices  could  ensure  environmental  acceptability. 


The  economic  analysis  of  the  four  plant  sizes  showed  that  a capacity  of  1.25 
Mgpy  is  marginally  economic  while  plants  below  that  size  would  require  dra- 
matic changes  in  technology  and  fuel  costs  to  be  a reasonable  investment. 
The  economies  of  scale  are  very  apparent,  as  the  1.25  Mgpy  plant  would  have  a 
payout  term  of  a little  more  than  twice  the  three  years  required  by  the  2.5 
Mgpy  plant. 

Besides  increasing  plant  size  to  improve  economics,  several  other  achievable 
measures  could  be  taken:  1)  second-hand  equipment  saves  about  36%  or  $2.8 
million  at  the  2.5  Mgpy  size;  2)  a concentrated  source,  i.e,,  a mill,  lowers 
fuel  costs;  and  3)  low  interest  rates  and  minimal  the  amount  of  convention- 
ally borrowed  money.  Plant  economics  are  the  most  sensitive  to  the  fuel  cost 
and  the  cost  of  money. 

These  general  guidelines  will  create  better  plant  economics:  1)  use  second- 
hand equipment,  2)  obtain  loans  at  an  overall  interest  rate  of  14%  or  less, 
3)  keep  wood  costs  close  to  $20/ton  or  less,  4)  increase  plant  capacity  to 
1.75  Mgpy  or  higher,  5)  use  supplemental  feedstock  such  as  paper  waste  to 
increase  capacity  and  to  provide  a more  secure  fuel  supply,  and  6)  integrate 
the  FGE  plant  into  other  processes. 
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1.2  INTRODUCTION 


The  study  discussed  in  this  report  was  funded  by  a grant  received  from  the 
Montana  Department  of  Natural  Resources  and  Conservation  (DNRC)  to  MultiTech, 
Inc.  of  Butte,  Montana  (Montana  DNRC,  1982).  The  Energy  Division  of  DNRC  is 
the  immediate  technical  and  contract  monitor.  The  study  period  began  on 
December  7,  1982,  and  was  concluded  on  April  30,  1985. 

In  Part  I of  the  study,  MultiTech  conducted  detailed  technical  and  economic 
feasibility  studies  for  a 2.5  Mgpy  FGE  facility  to  be  located  in  the  vicinity 
of  Anaconda,  Montana.  The  results  of  the  study  indicated  that  use  of  a modi- 
fied Madison  residue-to-ethanol  conversion  process  was  technically  feasible. 
However,  the  estimated  quantity  of  residue  feedstock  did  not  appear  sufficient 
to  support  a 2.5  Mgpy  operation  (MultiTech,  1982).  Thus,  the  original  grant 
agreement  was  amended  to  add  a Part  II  which  researched  the  following:  1)  a 
recommendation  of  smaller  FGE  production  capacities  at  Anaconda;  and  2) 
evaluation  of  the  technical  and  economic  feasibility  of  FGE  production  at 
various  scales  of  operation  in  the  Lincoln  and  Livingston  areas  of  Montana. 

The  data  used  and  recommendations  made  (to  the  DNRC)  regarding  the  outcome  of 
the  above  studies  was  assembled  and  submitted  in  milestone  reports.  Part  II 
activities  were  divided  into  six  separate  and  discrete  milestones  as  shown 
bel ow: 

• Milestone  1:  The  following  information  or  analyses  related  to  the 

Lincoln  and  Livingston  sites  was  collected  or  performed,  and  submitted 
to  DNRC: 
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- Description  of  total  and  post  timber  harvest  (residue)  waste  wood 
characteristics  for  the  areas  around  Lincoln  and  Livingston; 

- Estimation  of  residue  gathering  and  transporting  costs  in  each 
area; 

- Boundaries  of  residue  supply  areas,  as  determined  through  economic 
models  using  cost  estimates  of  residue  collection  and  hauling, 
and  the  competitive  price  that  would  be  paid  for  the  residue  by 
other  users; 

- Detailed  determination  of  the  residue  characteristics  within  the 
economically  feasible  hauling  areas  around  Lincoln  and  Livingston; 
and 

- Estimation  of  the  annually  averaged  production  of  wood  waste 
residues  within  these  hauling  areas. 

• Milestone  2:  For  the  Lincoln  and  Livingston  sites,  the  following  were 

submitted  to  DNRC: 

- Inventory  of  other  potential  sources  of  wood  fiber,  e.g.,  mill 
wastes; 

- Evaluation  of  the  competition  from  other  resource  users  on  the 
wood  waste  supply  in  each  site's  economically  feasible  residue 
recovery  area;  and 

- Estimation  of  the  range  of  FGE  production  capacities  apparently 
supportable  by  the  estimated  feedstock  base  for  each  site  area. 
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9 Milestone  3:  A written  recommendation  for  DNRC  on  the  specific  FGE 

production  capacities  for  each  area,  preliminary  engineering  designs, 
and  cost  estimates  were  prepared  for  the  three  sites  (including  Ana- 
conda). The  information  and  analyses  submitted  to  the  Department 
i ncl uded: 

- Determination  of  feedstock  and  process  materials  required  for 
operation  and  calculated  material  balances  for  each  designated 
operating  capacity; 

- Preparation  of  preliminary  engineering  designs,  including  sche- 
matic drawings  and  discussion  of  major  plant  subsystems; 

- Estimation  of  capital  and  construction  costs  for  each  designated 
capacity;  and 

- Estimation  of  manpower  requirements  for  each  plant  capacity. 

* Milestone  4:  For  the  largest  feasible  FGE  plant  size  in  each  of  the 

three  areas,  preliminary  environmental  and  regulatory  planning  results 
were  discussed: 

- The  identification  of  authorizing  agencies  and  required  permits 
and  licenses  from  federal,  state,  county,  and  local  authorities; 

- Description  of  the  application  procedures  to  be  followed  in 
obtaining  the  pertinent  licenses  and  permits,  including  time  and 
cost  estimates  associated  with  preparing  such  applications; 

- Identification  of  the  pertinent  environmental  protection  stan- 
dards, and  the  probable  degree  of  project  design  compliance  with 
these  criteria; 

- Identification  of  environmental  impacts  and  environmental  resour- 
ces of  special  concern  for  each  of  the  three  site  areas;  and 
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- Identification  of  possible  remedial  measures  to  mitigate  adverse 

environmental  impacts  at  the  three  site  areas. 

9 Milestone  5:  For  each  facility  size  specified  by  DNRC  from  the  rec- 

ommendations in  Milestone  3,  the  following  economic  analyses  were 
performed : 

- Estimation  of  annual  operating  and  maintenance  costs; 

- Estimation  of  annual  payments  necessary  to  retire  debt; 

- Estimation  of  revenue  costs; 

- Estimation  of  rate  of  return; 

- Estimation  of  facility  input  and  output  requi rements , such  as  the 
cost  of  wood  fiber;  and 

- Presentation  of  the  results  for  various  sensitivity  analyses  of 
the  project's  economies-of-scale,  variability  in  cost  of  wood 
residue  feedstock,  and  influence  of  interest  rate(s)  on  project 
viabi 1 ity. 

® Milestone  6:  Final  Report.  The  data  and  analyses  contained  in  the 

preceding  milestone  reports  have  been  integrated  into  a final  written 
report,  which  is  hereby  submitted  to  DNRC.  This  report  describes  the 
overall  economic  feasibility,  technical  practicality,  and  general 
advisability  of  operating  FGE  facilities  using  wood  wastes  as  feedstock 
at  the  three  sites.  The  major  chapters  of  this  Executive  Summary 
include: 

• Resource  Availability; 

• Plant  Scaling  and  Costs;  and 

• Environmental  Concerns  and  Permitting. 
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2.0  SUMMARY  OF  VOLUME  II:  RESOURCE  AVAILABILITY 


Volume  II  was  prepared  from  information  presented  in  Milestones  1 and  2. 
Milestone  1 concentrated  on  timber  harvest  residue,  while  Milestone  2 con- 
sidered alternate  sources  of  feedstock  for  the  potential  FGE  sites. 


2.1  TIMBER  HARVEST  RESIDUE  INVENTORY  STUDY 

2.1.1  Objectives 

The  Milestone  1 Report  was  prepared  with  three  major  objectives  in  mind.  The 
first  objective  was  to  inventory  timber  harvest  residue  potentially  available 
within  50  miles  of  the  Lincoln  and  Livingston  sites.  Included  in  this  inven- 
tory was  the  general  characterization  of  each  location,  quantity,  and  physical 
characteristics  (e.g.,  number  and  average  volume  of  residue  pieces  per  acre) 
of  the  residues.  The  second  objective  involved  computer  analysis  of  the 
above  data,  along  with  estimated  residue  gathering  and  transportation  costs. 
Such  modelling  results  allow  determination  of  the  area  within  which  the 
residues  are  economically  harvestable.  The  third  objective  was  to  adjust  the 
wood  waste  inventory  estimates  for  user's  competition  and  various  environmen- 
tal attributes  which  affect  the  magnitude  of  the  resource  base. 
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2.1.2  Summary 


Three  major  objectives  were  accomplished  during  the  course  of  this  study. 
These  objectives  included  the  characterization,  economic  analysis,  and  esti- 
mation of  total  and  annual  harvest  residue  supplies  within  defined  distances 
around  Lincoln  and  Livingston,  Montana. 

The  reconnaissance-level  characterization  of  the  various  forest  cover  types 
per  site  was  accomplished  largely  via  literature  review  and  contacts  with 
local  land  management  personnel.  Particular  data  representative  of  "average" 
forest  conditions  then  were  used  in  two  separate  economic  models. 

The  first  model  used  the  USDA,  Forest  Service  Method  (1977);  although  designed 
primarily  for  appraising  saw  timber  harvest  and  transport  costs,  the  equiva- 
lent costs  for  residue  acquisition  can  be  extrapolated  with  this  method.  The 
second  approach  used  a model  developed  by  Dr.  Richard  P.  Withycombe  of  the 
University  of  Montana;  the  model  allows  computation  of  costs  associated  with 
harvesting  of  forest  residues  based  on  several  key  characteri sties  of  the 
residues  and  the  logging  area  (Withycombe,  1980).  In  both  modelling  cases, 
the  critical  assumption  was  that  the  maximum  affordable  ceiling  price  at  the 
FGE  plant  gate  was  $43.60  per  green  ton;  such  an  assumption  was  based  upon 
the  previous  residue  analysis  by  MultiTech  (1982)  and  discussion  found  in 
Keegan's  The  Cost  and  Availability  of  Forest  Residue  in  the  Northern  Rocky 
Mountains  (1981).  The  modelling  results  were  used  to  determine  an  economical- 
ly feasible  haul  distance  for  each  FGE  site. 
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Given  these  distances,  total  residues  available  for  each  site  were  determined 
via  inspection  of  land  ownership/commercial  timberland  maps.  The  estimation 
of  annual  residue  availability  for  FGE  production  required  recognition  of 
certain  institutional  constraints.  Such  constraints  include  various  economic, 
environmental,  and  other  technical  factors  that  remove  portions  of  the  total 
resource  base,  precluding  residue  utilization  by  the  FGE  facility.  An  over- 
view of  the  site-specific  results  from  the  above  efforts  is  presented  below. 

• Lincoln  Study  Area 

In  regard  to  the  Lincoln  site,  the  following  major  forest  cover  types 
were  identified:  ponderosa  pine-Douglas  f i r/bunchgrass  on  warm/dry 
sites;  Douglas  fir-lodgepole  pine  on  cool/dry  sites;  lodgepole  pine- 
subalpine  fir  on  cool/moist  sites;  and  "bottomland"  sites  (dominated 
by  Engelmann  spruce,  grand  fir,  and  western  larch). 

Application  of  the  USDA  model  indicated  residue  could  be  economically 
hauled  for  distances  ranging  from  11  to  57  miles.  Depending  upon  the 
assumptions  applied  to  the  Withycombe  model,  the  profitable  residue 
haul  distance  varied  from  0 to  20  miles.  A conservative  value  of  22 
miles  was  derived,  and  should  be  taken  as  a credible  value  for  any 
future  study  in  the  area. 

From  the  assessment  of  the  ownership/timber  map,  there  appears  to  be 
approximately  268,320  acres  of  commercial  timber  land  (CTL)  within  25 
miles  of  Lincoln,  and  a total  acreage  of  1,051,680  acres  within  50 
miles.  Given  the  relative  proportions  -of  major  forest  types  derived 
from  literature  review,  total  residues  present  within  25  to  50  miles 
are  about  5.7  and  22.3  million  tons,  respectively.  The  anticipated 
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annual  production  within  25  miles  of  town  is  about  29,442  tons;  within 
25  to  50  miles,  79,139  tons.  Using  the  previously  calculated  value 
of  76  green  pounds  of  residue  feedstock  per  gallon  of  FGE  produced 
(MultiTech,  1982),  annual  FGE  production  would  vary  from  .775  to  1.35 
million  gallons  per  year.  The  modelling  results  indicated  that  waste 
wood  could  be  economically  hauled  for  22  miles,  and  so  it  is  recommend- 
ed that  the  lower  FGE  value  be  used  in  the  engineering  design/plant 
capacity  studies. 

© Livingston  Study  Area 

In  regards  to  the  Livingston  site,  the  following  major  forest  cover 
types  were  identified:  1)  ponderosa  pine/juniper  on  dry  sites;  2) 
Douglas  fir-1 odgepole  pine  on  cool/dry  sites;  3)  Engelmann  spruce- 
subalpine  fir-1 odgepole  pine  on  cool/moist  sites;  4)  "bottomland" 
sites;  and  5)  "subalpine"  sites  (dominated  by  white-bark  pine  and 
limber  pine). 

Application  of  the  USDA  model  indicated  a maximum  economic  haul  dis- 
tance of  about  84  miles,  approximately  twice  the  distance  cited  in 
Tillman  (1978);  however,  the  84-mile  value  is  possible  when  consider- 
ing saw  timber  operations.  Depending  upon  the  assumptions  used  with 
the  Withycombe  model,  the  profitable  haul  distance  varied  from  under  4 
miles  to  about  43  miles.  As  with  Lincoln,  a conservative  figure  of 
approximately  22  miles  was  selected  as  an  appropriate  haul  distance 
maximum.  From  inspection  of  the  ownership/timber  map,  there  appears 
to  be  about  84,960  acres  of  commercial  timber  land  within  25  miles  of 
Livingston,  and  a total  acreage  of  293,280  acres  within  50  miles. 
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g-;ven  •i  - .vr/a  proportions  of  major  forest  types  as  derived  from 
literature  review,  total  residues  within  25  and  50  miles  should  be 
about  1.4  and  4.9  million  tons,  respectively . The  anticipated  annual 
production  within  25  miles  of  town  is  about  7,200  tons;  similarly, 
about  2*  ,500  tons  will  be  produced  within  the  area  from  25  to  50  miles 
from  town.  Using  the  76  pounds  residue  per  gallon  FOE  conversion 
factor,  estimated  annual  FGE  production  could  vary  from  about  189,500 
gallons  to  a “best  case"  of  327,000  gallons.  Given  the  uncertainties 
inherent  in  die  resource  and  economic  analyses,  it  is  recommended  that 
the  lower  production  FGE  value  be  used  in  the  engineering  design/plant 
capacity  studies. 

2.1.3  Cone!  fusions 

The  results  presented  in  Section  3.0  of  Milestone  1 should  be  taken  as  "first 
approximation"  (or  “ball  park")  estimates  of  the  total  and  annual  residue 
resource  bases  available  to  each  potential  FGE  plant  site.  The  total  residue 
estimates  per  site  are  probably  accurate  to  +_  15  percent,  given  the  compre- 
hensive and  accurate  nature  of  the  information  sources.  The  combination  of 
more  accurate  ratios  of-  forest  cover  types,  better  definition  of  harvest 
methods  utilized,  and  the  forthcoming  publication  of  field  data  gathered  by 
James  Howard  et  aj_.  (phone  conversation,  April  27,  1983)  couid  improve  the 
estimates  considerably. 

The  annual  production  estimates  are  probably  accurate  to  +_  30  percent.  The 
basis  for  this  conclusion  is  two-fold.  Firstly,  the  economic  models  used 
information  characteristic  of  a "representative"  stand  of  commercial  timber; 
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it  is  reasonable  to  assume  "real  world"  variation  from  the  "representative" 
data  of  + 20  percent.  As  shown  in  Section  3.0  in  the  Milestone  I report, 
the  results  from  the  models  are  sensitive  to  the  assumptions  used.  The 
averaged  values  for  haul  distances  attempt  to  compensate  for  such  variability, 
but  the  resulting  accuracy  (in  the  adjustment)  is  difficult  to  quantify. 
Secondly,  the  ceiling  price  used  (i.e.,  an  economic  maximum  of  $43.60  per 
green  ton)  could  vary  disproportionately  over  time,  relative  to  residue 
harvest  and  transport  costs.  This  disproportionate  variation  would  arise 
from  varying  intensity  of  competition  with  other  potential  residue  users, 
particularly  large-scale  industrial  plants,  such  as  the  makers  of  paper. 
Such  competition  could  reduce  the  distance  the  residues  could  be  economically 
hauled  to  a given  FGE  plant.  It  is  assumed  that  long-term  competition  could 
affect  even  the  moderate  economic  haul  distance  by  _+  10  percent  from  year  to 
year. 

Therefore,  the  annual  supply  of  timber  harvest  residues  could  vary  consider- 
ably from  the  long-term  annual  averages  described  in  Section  3.0  of  the 
Milestone  1 report.  Given  the  risk  of  investing  in  an  FGE  facility,  it  is 
recommended  that  the  more  pessimistic  ("worst  case")  annual  estimates  be  used 
in  determining  facility  capacities  at  the  two  sites.  In  this  manner,  the 
most  likely  feedstock  supply  can  be  planned  on,  and  unpleasant  surprises 
(e.g.,  adverse  supply  situations/plant  shut-down)  can  be  minimized.  The 
above  caveats  are  speculative,  so  the  residue  resource  estimates  in  Milestone 
1 should  be  taken  as  the  best  available  estimates  of  the  more  pessimistic 
case.  Site-specific  estimates  are  summarized  below. 
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; Lincoln  Study  Area 


Given  the  assumed  proportions  of  major  forest  cover  types,  total  resi- 
dues present  within  the  moderate  haul  distance  of  approximately  25 
miles  are  about  5.7  million  tons  of  green  wood.  The  "optimistic"  and 
"pessimistic"  annual  production  figures  were  calculated  to  be  51,386 
green  tons  and  29,442  green  tons,  respectively.  Using  an  assumed  FGE 
conversion  factor  of  76  pounds  of  green  wood  per  gallon  of  FGE  (Multi- 
Tech,  1982),  the  above  tonnage  figures  translate  to  about  1.35  million 
and  775,000  gallons  per  year.  As  discussed  above,  the  lower  value  is 
recommended  for  use  in  determining  the  feasible  plant  capacity. 

® Livingston  Study  Area 

Given  the  assumed  proportions  of  major  forest  cover  types,  total  resi- 
dues present  within  the  averaged  haul  distance  of  approximately  25 
miles  are  about  1.4  million  green  tons.  The  "optimistic"  and  "pessi- 
mistic" annual  production  figures  were  calculated  to  be  12,413  tons 
and  7,199  tons,  respectively . Using  the  above  wood-to-FGE  conversion 
factor,  the  above  tonnage  figures  translate  to  about  327,000  and 
189,500  gallons  per  year.  Again,  the  lower  value  is  recommended  in 
peformi ng  the  engineering  design/plant  capacity  studies. 

2.2  MILL  WASTE  AMD  WOOD  FIBER  RESOURCE  INVENTORY  STUDY 


2.2.1  Objectives 

The  Milestone  2 Report  was  prepared  with  two  major  objectives  in  mind.  The 
first  objective  was  the  estimation  of  economically  available  quantities  of 
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mill  residues  present  within  a prescribed  distance  from  the  potential  FGE 
sites  located  at  Lincoln  and  Livingston.  The  second  objective  was  the 
estimation  of  processable  (i.e.,  "secondary"  sources)  of  wood  fiber  wastes 
economically  available  for  each  FGE  facility.  In  response  to  these  objec- 
tives, the  report  described  the  locations'  physical  characteristics  and 
assessed  the  economic  desirability  of  using  the  defined  wastes  in  site- 
specific  FGE  production  operations. 


2.2.2  Summary 


Two  key  objectives  were  accomplished  during  the  course  of  this  study.  First, 
the  various  sources  of  residues  not  directly  associated  with  timber  harvest 
were  inventoried  and  their  respective  annual  production  rates  of  economically 
available  materials  established.  Secondly,  the  above  findings  were  integrated 
with  the  Milestone  1 study  results  to  estimate  plant  capacity  at  the  Lincoln 
and  Livingston  FGE  study  sites.  The  first  objective,  the  reconnaissance-level 
characterization  of  the  wastes,  was  accomplished  largely  via  telephone  inter- 
views of  sawmill  operators  and  recycling  center  managers,  along  with  a review 
of  readily  available  literature.  The  second  objective  included  the  prepar  - 
ation  of  probable  annual  average  and  perceived  variation  in  site-specific  FGE 
plant  capacities.  These  efforts  focused  on  the  perceived  uncertainties 
inherent  in  each  of  the  residue  category  estimates  utilized  to  forecast 
overall  plant  capacity  (per  study  site). 

In  regards  to  the  Lincoln  site,  the  annual  production  of  uncommitted  sawmill 
wastes  appears  to  range  between  1,726  green  tons  and  3,822  green  tons;  for 
reasons  discussed  in  Subsection  3.1.1  of  Milestone  2 (regarding  competition 
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The 


v;r;.h  other  Ul  users),  the  lower  value  is  given  mere  credence, 

prices  cf  these  residues  range  from  about  $6.10  per  green  ton  for  hog  fuel- 
type  material  to  about  $30.00  per  green  ton  for  pulping  chip  material. 
Tractor-trailer  transport  costs  are  in  the  range  of  $0.05  per  ton-mile.  The 
1980-based  estimate  of  fermentable  materials  salvaged  from  municipal  land- 
fills came  to  approximately  30,252  green  tons  per  year  (tpy);  assuming  that 
the  major  cost  arises  from  transportation  from  a given  landfill  to  the  FGE 
site,  the  wastes  range  in  value  from  $0.84  to  approximately  $47, 48/ton. 
However , perceived  institutional  and  technological  constraints  reduce  the 
resource  base  by  90  percent;  thus,  about  3,025  tpy  of  wastes  were  assumed  to 


be  available  for  FGE  production.  The  monthly  average  for  recycled  newsprint 
and  corrugated  containers  totals  approximately  185  tons.  The  price  charged 
by  the  centers  for  such  materials  will  probably  be  at  least  $45. 00/ton,  while 
haul  costs  are  in  the  neighborhood  of  $0.03  per  ton-mile.  However,  the 
intense  competition  and  volatile  market  for  these  paper  residues  largely 
eliminates  their  consideration  as  a reliable  source  of  FGE  feedstock.  Fur- 
thermore, the  inventory  methods  used  in  estimating  municipal  wa>te  quantifies 
probably  includes  the  above  types  of  paper  wastes.  Potentially,  about  20  tpy 
of  such  residues  probably  could  be  received  at  the  FGE  pltnt  site.  In 
summary,  about  4,771  green  tpy  of  uncommitted,  economically  available  mill 
wastes  appear  to  be  ready  for  conversion  to  FGE. 


The  Milestone  1 Report  presents  an  annual  estimate  of  29,442  green  tpy  of 
timber  residues  being  economically  accessible  within  a 25-mile  radius  of 
Lincoln  (Multi Tech,  1983).  The  addition  of  the  timber  and  waste  residue 
production  figures  totals  to  34,213  green  tpy.  By  using  an  average  fiber- 
to-FGE  conversion  ratio  of  76  green  pounds/gal  1 on  FGE,  the  above  tonnage  is 
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equivalent  to  about  900,300  gpy  (MultiTech,  1982).  However,  this  capacity 
figure  should  be  regarded  cautiously,  as  it  does  not  fully  incorporate  the 
uncertainties  inherent  in  each  of  the  various  residue  production  estimates. 
As  discussed  in  subsection  4.2.1,  the  predicted  plant  capacity  could  vary 
from  542,500  gpy  to  1,202,000  gpy,  depending  upon  the  assumptions  made. 
Overall,  it  was  concluded  that  a reasonable  capacity  estimate  is  between 
872,250  gpy  (i.e.,  the  arithmetic  average  of  the  above  two  figures)  and  the 
previously  derived  900,300  gpy  figure. 

In  regards  to  the  Livingston  site,  the  annual  production  of  uncommitted  saw- 
mill wastes  appears  to  range  between  approximately  2,484  and  5,880  green  tons; 
for  reasons  discussed  in  subsection  3.2.1,  the  lower  value  is  recommended  for 
FGE  plant  capacity  planning.  As  the  major  industrial  purchasers  of  the 
residues  are  the  same  as  those  purchasing  the  Lincoln-related  wastes,  the 
unit  and  tractor-trail er  costs  are  about  the  same  as  discussed  previously. 
The  1980-based  estimate  of  municipal  wood  fiber  recovery  is  about  31,816 
green  tpy.  If  transportation  costs  from  a given  landfill  to  the  FGE  site  are 
assumed  to  be  twice  those  incurred  prior  to  departure  from  the  landfill,  then 
the  wastes  will  range  in  value  from  $1. 26/ton  to  about  $46. 22/ton.  As  dis- 
cussed for  the  Lincoln  site,  a conservative  estimate  is  that  only  10  percent 
(about  3,182  tpy)  of  the  wastes  will  actually  be  received  at  the  plant  gate. 
The  monthly  average  throughput  for  recycled  newsprint  and  old  corrugated 
containers  totals  approximately  195  tons.  The  price  charged  by  the  centers 
for  such  materials  appears  to  average  about  $72.50  per  ton,  excluding  trans- 
port costs;  haul  costs  are  in  the  range  of  about  $0.03  per  ton-mile.  As  dis- 
cussed for  the  Lincoln  site,  it  was  assumed  that  20  tpy  would  be  received  at 
the  FGE  feedstock  supply. 
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The  Milestone  i Report  presents  an  annual  estimate  of  7,200  green  t?y  of 
timber  residues  being  produced  within  a 25-mile  radius  of  Livingston  (Multi- 
Tech,  1983),  The  addition  of  the  timber  and  waste  residue  production  figures 
totals  to  12,885  green  tpy.  By  using  an  average  fiber-to-FGE  conversion 
ratio  of  76  green  pounds/gallon  FGE,  the  above  tonnage  is  equivalent  to  about 
339,100  gpy  (Multi Tech,  1982).  However,  recognition  of  uncertainties  inherent 
in  the  various  estimates  causes  the  estimated  capacity  to  vary  from  132,650 
gpy  to  about  478,200  gpy.  Overall,  it  is  recommended  that  FGE  plant  capacity 
be  set  in  the  range  between  305,400  gpy  (i.e.,  the  arithmetic  average  of  the 
"pessimistic"  and  "optimistic"  figures)  and  the  previously  derived  figure  of 

339,100  gpy. 

2.2.3  Conclusions 

The  "ball  park"  approximations  for  the  annual  production  of  each  of  the  three 
waste  fiber  categories  present  within  each  of  the  defined  study  areas  are  de- 
rived in  Milestone  2.  They  are  approximately  4,771  tons  per  year  for  Lincoln, 
5,686  for  Livingston,  and  7,725  for  Anaconda.  The  collective  annual  estimate 
of  uncommitted  waste  available  for  each  site  is  probably  accurate  to  + 55 
percent  of  the  "true,"  long-term  value.  A three-part  rationale  is  offered  in 
support  of  this  conclusion. 

First,  many  of  the  small  sawmill  operators  contacted  do  not  keep  accurate 
records  of  the  amount  of  coarse  and  fine  waste  they  produce.  The  use  of 
operator-based  estimates,  along  with  “second-hand"  estimates  made  by  the 
author  (using  cursory  data  received  from  the  operators),  could  result  in 
collective  errors  of  +_  20  percent. 
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Secondly,  the  processable  waste  estimates  could  be  in  error  of  + 25  percent. 
The  1980  and  1990  municipality-specific  annual  waste  production  rates  used 
demographically  based  population  projections  and  per  capita  waste  production 
rates  based  upon  the  relative  size  of  the  given  community  (Henningson  et  al_. , 
1976a).  A comparison  of  projected  vs.  estimated  (i.e.,  censused)  1980  popul  - 
ation  figures  for  Helena,  Livingston,  and  Bozeman  generated  ratios  of  approxi- 
mately 1.60,  1.30,  and  1.68,  respectively  (Dr.  Phil  Brooks  and  Ms.  Patricia 
Roberts,  personal  communications).  Taken  at  face  value,  these  ratios  indicate 
that  the  fermentable  waste  estimates  presented  in  Section  3.0  of  Milestone  2 
exceed  the  actual  case.  Unfortunately,  econometric-based  modeling  of  popula- 
tion growth  and  assessment  of  institutional  and  technologic  factors  (e.g., 
Baum  et  al_„,  1974)  on  per  capita  waste  production  rates,  for  any  given 
community,  was  beyond  the  scope  of  this  project.  It  is  suggested  that  such 
modeling  and  assessment  efforts  be  made  following  a general  conclusion  that 
FGE  production  (at  a particular  scale)  is  economically  viable  at  one  or  both 
of  the  study  sites. 

Thirdly,  the  information  acquired  from  the  recycling  centers  is  probably 
accurate  to  +_  10  percent  of  the  actual  values.  The  various  managers  provided 
approximations  based  on  past  experience  of  the  magnitude  of  materials  pro- 
cessed. Although  acquisition  of  more  accurate  data  is  possible,  an  extrapo- 
lation of  such  information  into  a 25-  to  30-year  future  would  be  difficult. 

In  summary,  the  lower  estimate  (of  a range  in  estimates)  for  each  waste 
category  (per  site)  should  be  used  in  deriving  an  overall  conservative  evalua- 
tion of  feedstock  availability  for  FGE  production.  Clearly,  such  site- 
specific  extrapolations  into  the  future  assume  that  annual  production  levels 
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of  waste  will  not  fall  below  present  levels.  Conclusions  specific  to  each. of 
the  study  sites  are  elaborated  upon  in  the  following  subsections. 


o Lincoln  Study  Area 

Subsection  3.1 .1  of  the  Milestone  2 Report  presented  the  rationale 
behind  use  of  the  lower  range  estimate  of  approximately  i ,726  tpy  for 
uncommitted  sawmill  residues.  In  regards  to  useable  waste  paper 
production,  the  arguments  from  Section  4.1  of  Milestone  2 are  applied 
to  justify  use  of  the  1980-based  estimate  of  30,252  tpy  (Subsection 
3.1.2).  However,  concerns  over  cost-effective  waste  collection  and 
handling  methods,  plus  seasonal  variability  in  supply  and  potential 
market  competition,  dictate  that  such  contributions  to  FGE  feedstock 
not  exceed  10  percent  of  the  amount  potentially  available  (MultiTech, 
1982,  pp.  4-33,  4-34).  Thus,  approximately  3,025  tpy  of  the  economi- 
cally available  waste  will  be  supplied  "at  the  facility  gate".  Given 
the  perceived  competition  for  recycled  waste  paper  products,  purchases 
of  amounts  exceeding  20  tpy  do  not  seem  reasonable  (Subsection  3.1.3). 
Furthermore,  there  is  a strong  likelihood  that  the  municipal  waste 
estimate  already  includes  waste  paper  materials,  given  the  methodolo- 
gies used  by  Henningson  et  ^1_. , 1976  a,b.  A summation  of  the  respec- 
tive residue  production  estimates  yields  an  overall  value  of  approxi- 
mately 4,771  tpy. 

» Livingston  Study  Area 

Subsection  3.1.2  of  the  Milestone  2 Report  presented  the  rationale  for 
selecting  the  lower  range  estimate  of  about  2,484  tpy  for  uncommitted 
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sawmill  residues.  In  regards  to  fermentable  waste  production,  appli- 
cation of  the  above  discussion  (Subsection  4.1.1)  results  in  an  esti- 
mate of  approximately  3,182  tpy  of  materials  economically  accessible 
to  the  FGE  production  site.  Finally,  purchases  of  recycled  waste 
paper  products  in  amounts  exceeding  20  tpy  do  not  seem  feasible.  A 
summation  of  the  respective  residue  production  estimates  yields  an 
overall  value  of  approximately  5,686  tpy. 

2.2.4  Recommendations 

In  order  to  estimate  site-specific  FGE  production  capacities,  two  important 
factors  must  be  known.  These  factors  are:  1)  total  feedstock  availability; 
and  2)  approximate  f i ber-to-ethanol  conversion  efficiencies.  The  first 
factor  is  addressed  by  integrating  the  results  (per  FGE  site)  of  the  Milestones 
1 and  2 reports.  Given  the  similarity  in  feedstock  properties  between  the 
Anaconda  site  and  the  two  presently  considered  sites,  it  will  be  assumed  that 
approximately  76  green  pounds  (or  about  44  dry  pounds)  will  be  required  per 
gallon  of  FGE  produced  (MultiTech,  1982,  pp.  4-10,  4-11).  Plant  capacity 
recommendations  specific  to  each  of  the  study  sites  are  discussed  below. 

© Lincoln  Study  Area 

The  Milestone  1 Report  presented  an  annual  production  estimate  of 
29,442  green  tpy  of  timber  residue  within  25  miles  of  Lincoln.  This 
tonnage  is  equivalent  to  approximately  775,000  gpy  of  FGE  (MultiTech, 
1983).  The  wood  fiber  waste  of  approximately  4,771  tpy  could  produce 
approximately  1 25,500  gpy  of  FGE.  Thus,  it  is  recommended  that  DNRC 
consider  an  FGE  with  a 900,500  gpy  capacity.  This  value  should  be 
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trea ied  cau  t-i  .xisly , however,  as  it  doss  not  fin  ly  incorpo<  ate  the 
respective  uncertainties  in  the  various  estimates  of  residue  avail- 
ability, For  example,  if  the  facility  was  subsisting  on  timber  residue 
alone,  and  the  annual  average  estimate  is  indeed  30  percent  too  great, 
plant  capacity  would  shrink  to  542,500  gpy.  On  another  hand,  if  the 
facility  uses  timber  and  waste  residues,  and  if  the  above  estimates 
are  found  deficient  by  30  and  55  percent,  respectively,  the  plant 
capacity  expands  to  about  1,202,000  gpy.  An  arithmetic  average  of  the 
"pessimistic"  and  "optimistic"  estimates  yields  a value  of  approximate- 
ly 872,250  gpy,  generally  in-line  with  the  plant  capacity  recommended 

above, 

a Livingston  Area 

The  Milestone  1 Report  presents  an  annual  production  estimate  of  7,200 
green  tpy  of  "in-woods"  residues  within  a 25  miles  of  Livingston. 
This  tonnage  is  equivalent  to  about  189,500  gpy  of  FGE  (MultiTech, 
1583).  The  wood  waste  residue  estimate  of  about  5,686  tpy  could 
produce  approximately  149,600  gpy  of  FGE.  A summation  of  the  two 
major  feedstock  types  generates  a figure  of  approximately  339,100  gpy. 
By  repeating  the  same  process  as  used  for  the  Lincoln  Site,  the  pessi- 
mistic" and  "optimistic"  estimates  of  annual  FGE  production  are  132,650 
gpy  and  about  478,200  gpy,  respectively.  The  arithmetic  mean  of  these 
two  values  is  about  305,400  gpy,  which  is  generally  in-line  with  the 
plant  capacity  figure  recommended  above. 
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PLANT  SCALING  AND  COSTS 
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SUMMARY  OF  VOLUME  Ills 


Vol urns  I 
with  pis 
analysi s 


il  was  prepared  from  Milestones  3 and  5.  Milestone  3 was  concerned 
n*  scaling  and  costing,  while  Milestone  5 concentrated  on  an  economic 
of  plant  costs  compared  to  potential  revenues. 


3.1  PLANT  SCALING  AND  COSTING 


3.1.1  Objectives 


The  Milestone  3 Report  was  prepared  with  the  objective  of  compiling  and  esti- 
mating the  non-site-specific  economic  factors  of  making  ethanol  from  wood  for 
plants  with  capacities  (in  millions  of  gallons  of  ethanol  per  year)  of  2.5, 
1.25,  0.775,  and  0.2. 

3.1.2  Summary 


Flow  diagrams  with  material  and  energy  balances  were  prepared  for  the  Wood- 
Waste-  to-Fuel  -Ethanol  process  plants.  The  basic  process  is  a Modified  Madison 
Wood  process  which  was  submitted  in  June  1982  (DNRC) . Ethanol  plant  cost 
estimates  are  presented  herein  for  these  designated  capacities: 

Capacity  (million  gpy  ethanol /year)  Estimated  Cost 


0.2 

$ 3,119,000 

0.775 

$ 5,763,000 

1.25 

$ 7,010,000 

2.50 

$10,264,000 
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These  cost  estimates  do  not  include  land  purchase  and  erection  if  buildings. 
Actual  costs  and  specific  details  on  sites  were  considered  it  Milestone  5 
(Economic  Analysis)  and  presented  in  the  Volume  III  Report. 

As  the  costs  indicate,  the  plant  investment  per  unit  of  ethanol  produced  in- 
creases substantially  with  capacity  scale-down.  Of  the  sites,  .he  Livingston 
area  has  the  lowest  available  wood  waste  resource  and  thus  wou'd  accommodate 
the  smallest  capacity  plant.  It  is  probable  that  a waste-straw  resource 
could  be  developed  at  Livingston  and  added  to  the  feedstock  with  a benefical 
increase  in  the  economics  for  this  site.  Although  such  efforts  are  beyond 
the  scope  of  this  project,  information  previously  submitted  in  a MultiTech 
proposal  relates  to  this  discussion.  MultiTech  also  has  a proprietary  process 
for  cold  embrittlement  grinding  which  could  improve  the  economics  of  straw 
processi ng. 

Manpower  requirements  for  the  wood- to- ethanol  plants  have  been  analyzed  and 
reported  in  Section  1.5  of  Volume  III  Report.  These  requirements  adversely 
affect  scale-down  economics. 

3.1.3  Conclusions 

Fuel 


Increasing  the  production  capacity  of  fuel  alcohol  plants  can  improve  the 
economics  of  relatively  small-scale  plants.  This  may  be  accomplished  by 
integrating  feedstocks  with  forest  and  sawmill  residues.  Further  considera- 
tion of  these  additional  feedstocks  is  suggested  for  any  planned  facilities. 
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* Straw 

In  Montana,  straw  has  ethanol  production  possibilities.  It  appears 
possible  to  integrate  straw  with  wood  waste  to  make  FGE. 

The  economic  value  and  practicality  of  using  straw  for  ethanol  produc- 
tion may  be  increased  by  fine  pulverizing,  which  could  permit  con- 
tinuous processing  rather  than  batch  processing. 

To  assist  with  pulverizing,  the  cooling  of  materials  with  liquid  gases 
embrittles  those  materials  that  are  not  readily  grindable  by  conven- 
tional means.  MultiTech  has  a feasible  method  for  using  carbon  dioxide 
at  -110°F;  this  requires  less  than  one  hp  per  standard  ton  of  refrigera- 
tion. Embrittlement  of  straw  should  be  adequate  in  this  temperature 
range. 

* Grain 

Grain  may  also  be  integrated  for  improved  economics. 


Equipment 
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Economic  feasibility  may  be  improved  by  using  second-hand  equipment,  if  it 
is  available.  This  procedure  could  significantly  reduce  plant  capital  costs, 
particularly  in  the  smaller  capacity  plants.  The  impact  of  equipment  sub- 
stituted is  detailed  in  Milestone  5 on  Economics. 
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3.2  ECONOMIC  ANALYSIS 


3.2.1  Objecti ves 

The  primary  objective  of  Milestone  5 was  to  analyze  economic  factors  that 
influenced  the  cost  of  product  and  economic  viability  for  plants  located  at 
Anaconda,  Livingston,  and  Lincoln,  Montana.  Four  plant  capacities  were 
specifically  analyzed  and  tabulated. 

3.2.2  Summary 

The  objective  of  the  Milestone  5 task  was  to  evaluate  the  economics  (i.e., 
cost  of  plant  development  vs.  total  revenue)  of  the  manufacture  of  FGE  from 
wood  wastes  at  Lincoln,  Livingston,  and  Anaconda.  Specific  costs  for  the 
four  plant  capacities  of  200,000,  775,000,  1,250,000,  and  2,500,000  FGE  gpy 
were  calculated,  tabulated,  and  resolved  into  graphic  presentations.  Inter- 
polation of  other  sizes  can  be  accomplished  from  the  data  and  figures  pre- 
sented in  the  Milestone  5 Report. 

Economic  feasibility  can  be  conveniently  measured  by  determining  the  length 
of  time  required  for  investment  recovery.  For  the  sites  and  plant  capacities 
being  considered,  the  2.5  Mgpy  plant  has  payback  periods  ranging  from  three 
years  for  wood  wastes  at  $20/ton  to  eight  years  at  $30/ton.  The  1.25  Mgpy 
plant  has  payback  periods  of  six  or  seven  years,  depending  on  the  site,  for 
wood  cost  of  $20/ton.  Smaller  plants  were  not  economically  feasible  within 
the  study  guidel ines. 
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As  plant  size  increases,  the  cost'  of  development  (capital  and  interest)  is 
reduced  advantageously.  Also,  the  cost  of  labor  (operation  and  administra- 
tion) is  proportionately  less  expensive  for  a larger  operation.  Significant 
components  of  plant  costs  for  all  of  the  plant  sizes  were  the  material  input 
costs  (primarily  wood),  capital  costs,  and  interest  payments.  Major  reduc- 
tions in  these  components,  along  with  reduced  labor  costs,  would  be  necessary 
to  make  the  0.200  Mgpy  plant  competitive.  In  general,  the  capital  and  inter- 
est components  were  supplanted  by  the  material  inputs  as  the  primary  cost 
factors  as  plant  size  increased.  Consequently,  efforts  to  reduce  wood  waste 
costs,  as  well  as  obtaining  lower  interest  rates,  would  be  well  rewarded  in 
increased  profitability.  Another  area  of  good  economic  return,  probably  an 
obvious  one,  is  to  lower  the  initial  investment  or  capital  costs. 

One  method  is  to  purchase  used  equipment  rather  than  new.  In  Milestone  No.  3, 
it  was  assumed  that  all  of  the  equipment  would  be  purchased  new.  Obsoles- 
cence of  chemical  plants  during  the  past  25  years  and  an  aggressive  salvage 
industry  has  created  a source  of  used  process  equipment  that  works  as  well  as 
new.  A substantial  proportion  of  the  process  equipment  is  not  product- 
specific,  and  used  components  are  available  at  5%  to  30%  of  new  prices. 
Based  on  an  analysis  of  the  equipment  list  and  tabulation  of  equipment 
generally  available  in  the  used  equipment  market  and  typical  prices,  savings 
of  26%  to  36%  of  the  total  plant  cost  are  probable.  Consequently,  in  this 
economic  analysis,  used-equipment  prices  were  used  as  appropriate.  Lower 
feedstock  prices  would  also  offer  significant  cost  benefits.  Innovative 
methods  of  lowering  haul  costs,  such  as  specialized  trailers  to  increase 
hauling  capacity,  should  be  evaluated  carefully.  Additionally,  other  supple- 
mental feedstocks,  such  as  waste  straw,  should  be  considered  as  they  could 
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1)  increase  potential  production  capacity,  thereby  increasing  prof itabi 1 ity, 

2)  possibly  lower  the  cost  per  ton  of  the  feedstock,  and  3)  provide  increased 
security  of  fuel  supply.  One  possible  source  for  another  type  of  feedstock 
at  the  Anaconda  site  is  the  grain  terminal  in  Butte. 

Revenue,  in  1984  dollars  and  without  the  State  of  Montana  incentive  payment, 
is  calculated  to  be  $2.21  per  gallon  of  FGE.  No  credits  were  taken  for  plant 
waste  products  that  possibly  could  be  sold,  although  credit  was  taken  for 
other  process  products,  namely  methanol,  furfural,  and  syrup. 

The  requirements  for  profitable  operation  of  a FGE  plant  based  on  wood  waste, 
as  shown  by  this  study,  are  generally  this:  used  equipment  should  be  pur- 
chased where  possible,  loan  interest  should  be  14%  or  less,  wood  costs  should 
be  below  $30/ton  and  preferably  around  $20/ton,  plant  capacity  should  be  at 
least  1.25  Mgpy,  supplemental  feedstocks  should  be  used  where  available,  and 
the  FGE  plant  should  be  integrated  with  other  manufacturing  processes  such  as 
livestock  feeding  with  process  residues. 

3.2.3  Conclusions 


The  primary  conclusions  to  be  reached  on  the  economic  feasibility  of  producing 
fuel -grade  ethanol  (FGE)  from  wood  waste  are  the  following: 

1.  Within  the  design  details  available  in  a feasibility  study,  and 
within  the  constraints  mentioned  in  Section  3.0  of  Milestone  5,  the 
largest  plant  size  of  2.5  Mgpy  appears  economically  feasible  over 
a range  of  wood  costs.  The  next  plant  size  of  1.25  Mgpy  possibly 
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could  be  economically  viable  at  a wood  cost  of  $20  per  ten,  but 
not  with  higher  wood  costs.  Smaller  plants  are  not  economically 
feasible.  Figures  3-1  and  3-2  are  a graphic  presentation  of  these 
relationships. 

2.  As  expected,  plant  economics  are  most  sensitive  to  the  cost  of  money 
and  the  cost  of  wood  waste.  Table  3-1  shows  the  contribution  of  the 
various  cost  components  to  the  final  price  for  the  four  plant  sizes. 

3.  Plant  capital  requirements  are  a function  of  the  plant  size  con- 
sidered, and  the  degree  that  used  equipment  can  be  obtained. 
Capital  costs  can  be  reduced  26%  to  36%  with  used  equipment,  with 
the  larger  plants  showing  7%  to  10%  more  benefit  than  the  0.2  Mgpy 
pi  ant. 

4.  For  the  three  larger  plants  considered  in  this  study,  the  operating 
costs  (other  than  wood)  are  not  a significant  cost  on  a unit  of 
product  basis.  Particularly  the  material  input  costs  do  not  vary 
appreciably. 

The  manpower  and  administrative  services  portion  of  the  operating 
costs  does  vary  proportionately  with  plant  size,  going  from  $1.35 
per  gallon  for  the  0.2  Mgpy  plant  to  $.14  per  gallon  for  the  2.5 
Mgpy  plant. 

5.  Product  value,  not  including  solid  waste  for  animal  feed,  is  $2.21 
per  gallon  of  FGE.  This  number  does  not  include  the  state  incentive 
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TABLE  3-1. -REVENUE  AND  COST  COMPONENTS  ON  A UNIT  PRICE  BASIS 
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Plant  Size,  Mgpy  FGE 


Cost  Component,  $ 

0.2 

0.775 

1.25 

2.5 

Material  Inputs  (excluding  wood)* 

0.60 

0.52 

0.51 

0.50 

Wood  0 $20/ton 

Q.81 

0.81 

0.80 

0.80 

Manpower  & Administrative  Services 

1.35 

0.35 

0.22 

0.14 

Working  Capital 

0.08 

0.05 

0.05 

0.05 

Insurance  & Local  Taxes 

0.34 

0.15 

0.11 

0.08 

Principal  Repayment  (10  years) 

1.15 

0.50 

0.36 

0.26 

Loan  Interest  (14%) 

1.47 

0.60 

0.44 

0.32 

Total , $ 

5.80 

2.98 

2.49 

2.15 

Revenue  (with  $.30  incentive) 

2.51 

2.51 

2.51 

2.51 

* Costs  are  for  the  Anaconda  site. 

the  Lincoln  and 

Li vi ngston 

sites  are 

$.02  to 

$.03  less. 
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payment,  but  it  does  include  the  value  of  the  ethanol,  methanol, 
furfural,  and  syrup  products. 

6.  An  obvious  method  of  increasing  the  likelihood  of  a successful  pro- 
ject is  to  lower  the  cost  of  wood  wastes.  This  would  increase  the 
possibility  of  smaller  plants  being  economically  feasible  and 
increase  the  margin  of  profitability  of  the  larger  plants.  One 

method  of  lowering  wood  costs  is  to  lower  haul  costs.  The  advantage 
of  lower  haul  costs  would  be  seen  in  lower  wood  costs,  which  could 
increase  the  profitability  of  small  plants. 


One  method  of  decreasing  haul  costs  is  to  increase  haul  capacity. 
The  standard  hauling  trailer  can  carry  65  cubic  yards  of  material, 
or  only  18  tons  of  wood  waste  (3.6  cubic  yards  per  ton).  Specially 
designed  trailers  should  be  able  to  haul  at  least  60  tons  of  wood 
waste,  thereby  reducing  transportation  costs  from  11^/ton/mile  to 
3.5^/ton/mile.  Obviously  the  profitable  haul  distance  can  be 
increased  three-  or  four-fold.  Contracting  with  the  truck  tractor 
and  driver  to  haul  the  alcohol  company's  trailer  is  probably  the 
most  economic  strategy. 

7.  Alternate  feed  stocks,  such  as  straw,  should  be  considered  in  con- 
junction with  the  use  of  wood  wastes.  This  feed  probably  would  not 
be  lower  in  cost  than  wood,  but  could  increase  the  feasible  plant 
capacity.  The  best  possibility  of  using  straw  waste  effectively  is 
in  the  Livingston  area,  which  could  probably  support  a 5.0  Mgpy  FGE 
plant.  Marc  Montgomery,  Livingston  Chamber  of  Commerce,  indicated 
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that  Park  County  alone  could  probably  supply  enough  straw  for  a 2.0 
Mgpy  FGE  plant. 

A plant  in  Anaconda  designed  to  produce  2.5  Mgpy  FGE  from  wood 
waste  could  ensure  fuel  supply  and  enhance  economics  by  using  off- 
grade  grain  from  the  grain  terminal  at  Butte. 

8.  Integration  of  the  ethanol  plant  into  an  agricultural  complex  could 
improve  economic  conditions,  particularly  through  shared  manpower 
and  administrati ve  services,  and  possibly  through  a reduction  in 
the  interest  rates  available.  An  area  group  has  been  investigating 
the  placement  of  an  integrated  plant  at  the  Arbiter  Plant  in 
Anaconda. 
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4.0  SUMMARY  OF  VOLUME  IV:  ENVIRONMENTAL  CONCERNS  AND  PERMITTING 


Volume  IV  is  based  on  information  from  Milestone  4 which  concentrated  on 
environmental  concerns  and  permitting  requirements  for  an  FGE  plant  at  the 
potential  sites. 


4.1  OBJECTIVES 

The  Milestone  4 Report  was  prepared  with  the  objective  of  defining  preliminary 
environmental  and  regulatory  planning  requirements  for  the  largest  feasible 
FGE  plant  size  in  each  of  the  three  areas.  Agencies,  procedures,  and  stan- 
dards were  identified  in  obtaining  the  necessary  permits  and  licenses. 
Environmental  impacts  and  possible  remedial  measures  to  mitigate  those  im- 
pacts were  discussed. 

4.2  SUMMARY 

Initially,  the  conceptual  design  was  evaluated  for  probable  daily  emission 
rates  of  atmospheric  contaminants,  liquid  effluents,  and  solid  wastes.  These 
estimates,  based  upon  a composite  review  and  synthesis  of  the  literature, 
were  used  to  prepare  generic  impact  assessments.  "Generic  is  an  appropriate 
term,  given  that  process  design,  capacity,  and  exact  location  have  not  been 
finalized.  Thus,  identification  of  detailed  impacts  and  resource  values  of 
special  concern  must  precede  completion  of  formal  siting/engineering  studies. 

All  of  the  unavoidable  impacts  identified  are  common  to  any  proposed  indus- 
trial activity.  These  impacts  include  an  irretrievable  commitment  of  natural 
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and  human  resources,  localized  degradation  of  air  and  water  qualities,  and 
generation  of  solid  wastes.  Again,  the  significance  of  these  impacts  is 
generally  site-specific  and  cannot  be  qu«  reified  for  cne  various  sites  at 
present.  Nevertheless,  the  following  general  conclusions  can  be  drawn: 

• The  steam  plant  operations,  as  presently  envisioned,  will  cause  the 
facility  complex  to  be  designated  a "major  source"  of  particulate  and 
SO2  emissions.  Thus,  conventional--or  possibly  innovative--control 
systems  must  be  designed  into  the  plant  during  the  detailed  engineer- 
ing phase. 

• The  2.5  Mgpy  operations  will  not  generate  environmentally  significant 
concentrations  of  toxic  substances  (i.e.,  priority  pollutants).  How- 
ever, on-site  wastewater  treatment  will  be  required  prior  to  (off-site) 
disposal.  Since  ERA  has  not  yet  developed  effluent  guidelines  for 
ethanol  plants,  the  degree  of  treatment  must  comply  with  pollutant- 
specific  regulations  enforced  by  the  State  of  Montana.  Fortunately, 
there  are  package  treatment  systems  that  can  bring  effluent  into 
compliance  with  such  regulations. 

• The  solid  wastes  generated  by  FGE  production  are  designated  under  the 
Resource  Conservation  Recovery  Act  (RCRA)  as  being  non-hazardous. 
Furthermore,  EPA  has  decided  not  to  propose  solid  waste  regulations 
specific  to  alcohol  fuels  plants.  Therefore,  conventional  waste 
handling/disposal  practices  will  be  adequate  for  solid  waste  control. 


• Sound  engineering  design,  integrated  with  environmental ly  conscious 
siting  and  operation  of  the  proposed  facility,  will  result  in  economic 
benefits  far  outweighing  cumulative  environmental  detriments. 

Federal,  state,  and  county  regulatory  review  authority  and  licensing/permitt- 
ing procedures  are  discussed  in  the  concluding  sections  of  the  Milestone  4 
Report  and  Volume  IV.  Completion  of  many  of  these  permit  applications  are 
predicated  upon  information  not  presently  known  (or  available).  Thus,  time 
and  cost  estimates  for  their  preparation  are  based  on  previous  permitting 
experience  with  similar  technologies. 

4.3  CONCLUSIONS 

No  major  environmental  problems  are  presented  by  a wood-to-alcohol  (FGE) 
plant.  The  proper  disposal  of  liquid  wastes,  primarily  waste  water  and  solid 
wastes  must  be  arranged.  Air  pollution  emissions  are  those  normally  associa- 
ted with  any  coal-fired  steam  plant  and,  therefore,  can  be  conventionally 
controlled. 


The  permitting  period  would  be  extensive  and  sufficient  time  must  be  allotted 
for  this  purpose  in  the  project  schedule.  Proper  design  and  operation  will 
make  an  FGE  production  plant  an  envi ronmental ly  acceptable  industry. 


4-3 


DNRC  ‘ 51  “81 1 , 
AMEMDf  ENT  MO.  6 


FUEL  GRADE  ETHANOL  PRODUCTION 
USING  WOOD  WASTE  (RESIDUES)  AT 
SELECTED  SITES  IN  MONTANA 


FEASIBILITY  STUDY  - FINAL  REPORT 
VOLUME  II:  RESOURCE  AVAILABILITY 


Submitted  By: 
MultiTech 

A Division  of  MSE,  Inc. 
P.O.  Box  4078 
Butte,  Montana  59702 


Contributors:  Meal  Egan 

Jay  Cornish 
Monroe  Greene 
Allan  Miller 
Alden  Kimsey 
Sandra  Fitch 
Ramona  Doherty 


c 


JUNE  1985 


MultiTech 


(J 


Q 


9 

9 


TABLE  OF  CONTENTS 


1.0  TIMBER  HARVEST  RESIDUE  STUDY.  ....  1-1 

1.1  INTRODUCTION  AND  DEFINITIONS  1-1 

1.2  METHODOLOGIES 1-2 

1.2.1  Methodological  Overview  1-2 

1.2.2  Residue  Inventory  1-5 

1.2.2. 1 General  Procedures  1-5 

1.2. 2. 2 Site-Specific  Procedures  1-6 

1.2.3  Economic  Analysis  of  Residue  Gathering  and 

Transportation  Activities 1-10 

1.2.3. 1 General  Procedures  1-10 

1.2. 3. 2 Site-Specific  Procedures  1-11 

1.3  STUDY  RESULTS 1-12 

1.3.1  Lincoln  Study  Area 1-12 

1.3. 1.1  General  Characterization  of  the  Forest/ 

Residue  Resource  Base 1-12 

1.3. 1.2  Determination  of  the  Economically  Feasible 

Residue  Harvest  and  Transport  Radius  ....  1-20 

1.3. 1.3  Estimation  of  the  Magnitude  of  the  Residue 

Feedstock  Base 1-32 

1.3.2  Livingston  Study  Area 1-37 

1.3.2. 1 General  Characterization  of  the  Forest/ 

Residue  Resource  Base 1-37 

1.3. 2. 2 Determination  of  the  Economically  Feasible 

Residue  Harvest  and  Transport  Radius  ....  1-41 

1.3. 2. 3 Estimation  of  the  Magnitude  of  the  Residue 

Feedstock  Base 1-51 


TABLE  OF  CONTENTS  (Continued) 


2.0  MILL  WASTE  AND  OTHER  FIBER  RESOURCE  INVENTORY  STUDY  2-1 

2.1  INTRODUCTION  AND  DEFINITIONS  2-1 

2.2  METHODOLOGIES  UTILIZED  2-3 

2.2.1  Mill  Residue  Inventory 2-3 

2.2. 1.1  Lincoln  Study  Area 2-5 

2. 2. 1.2  Livingston  Study  Area 2-5 

2.2.2  Municipal  Wood  Fiber  Recovery  and  Waste  Paper 

Recycling  Contributions . 2-15 

2. 2. 2.1  Municipal  Wood  Fiber  Recovery 2-15 

2. 2. 2. 2 Waste  Paper  Recycling  Contributions,  .....  2-16 

2.3  STUDY  RESULTS 2-16 

2.3.1  Lincoln  Study  Area 2-16 

2.3. 1.1  Mill  Residue  Inventory  Results  2-19 

2. 3. 1.2  Municipal  Wood  Fiber  Recovery 2-25 

2.3. 1.3  Recycled  Waste  Paper  Products  Inventory.  . . . 2-27 

2.3.2  Livingston  Study  Area 2-29 

2. 3. 2.1  Mill  Residue  Inventory  Results  2-29 

2. 3. 2. 2 Municipal  Wood  Fiber  Recovery.  ...  2-34 

2. 3. 2. 3 Recycled  Waste  Paper  Products  Inventory.  . . . 2-36 


INFORMATION  SOURCES 


LIST  OF  FIGURES 


Q 


l 

FIGURE  1-1. — Graphical  Summary  of  the  BLM  Land  Ownership  and 

Existing  Land  Use  Maps  Utilized  for  the  Lincoln  Area  Timber 

Harvest  Residue  Inventory  Study  1-7 

FIGURE  1-2. — Graphical  Summary  of  the  BLM  Land  Ownership  and 

Existing  Land  Use  Maps  Utilized  for  the  Livingston  Area  Timber 
Harvest  Residue  Inventory  Study  1-9 

FIGURE  1-3.— Resource  Study  Area  Map  for  the  Lincoln  FGE  Site 1-31 


FIGURE  1-4. --Resource  Study  Area  Map  for  the  Livingston  FGE  Site  . . . 1-50 


O 


€ 


C 


LIST  OF  TABLES 


TABLE  1-1. --Summary  of  Number  of  Pieces  and  Equivalent  Biomass 

Estimates  Feasibly  Harvested  per  Acre  for  a Mature,  Composite, 

Timber  Stand  Present  within  a 50-Mile  Radius  of  Lincoln,  MT.  . . . 1-16 

TABLE  1-2. --Rationale  for  Appraisal  of  Felling/Limbing  and  Skidding 

Costs  via  Use  of  the  USDA  Forest  Manual 1-21 

TABLE  1-3. --Rationale  for  Appraising  Timber  Loading  and  Haulage  Costs 

via  Use  of  the  USDA  Forest  Manual ~ 1-22 

TABLE  1-4. --Summary  Calculations  for  Estimating  the  Economically 

Feasible  Haul  Distance,  Using  the  USDA  Forest  Manual  Model  ....  1-23 

TABLE  1-5. — Summary  of  Data  Needs  for  Input  into  the  R.  Withycombe 

Cost  Estimate  Model,  First  Iteration  1-25 

TABLE  1-6. --Summary  Calculations  for  Estimating  the  Economically 
Feasible  Haulage  Distance  Using  the  Withycombe  Model,  First 
Iteration 1-26 

TABLE  1-7. --Summary  Calculations  for  Estimating  the  Economically 
Feasible  Haulage  Distance  for  Field-Chipped  Residues,  Using 
the  Withycombe  Model  1-27 

TABLE  1-8. --Summary  of  Data  Needs  for  Input  into  the  R.  Withycombe 

Cost  Estimate  Model,  Second  Iteration 1-29 

TABLE  1-9. --Summary  Calculations  for  Estimating  the  Economically 
Feasible  Haulage  Distance  Using  the  Withycombe  Model,  Second 
Iteration * . . . 1-30 

TABLE  1-10. --Commercial  Timberland  Ownership  Patterns  and  Estimated 

Acreages  Present  within  Selected  Distances  from  Lincoln,  MT.  . . . 1-33 

TABLE  1-11. — Summary  of  Estimated  Total  and  Average  Annual  Residue 

Production  Within  the  Lincoln  Study  Area  1-36 

TABLE  1-12. --Summary  of  Number  of  Pieces  and  Equivalent  Biomass 

Estimates  Feasibly  Harvested  per  Acre  for  a Mature,  Composite, 

Timber  Stand  Present  within  50  Miles  Radius  of  Livingston,  MT.  . . 1-40 

TABLE  1-13. --Rationale  for  Appraisal  of  Felling/Limbing  and  Skidding 

Costs  via  Use  of  the  USDA  Forest  Manual  for  the  Livingston  Site.  . 1-42 

TABLE  1-14. --Rationale  for  Appraising  Timber  Loading  and  Haulage  Costs 

via  Use  of  the  USDA  Forest  Manual  Approach 1-44 

TABLE  1-15. --Summary  Calculations  for  Estimating  the  Economically 

Feasible  Haulage  Radius,  Using  the  USDA  Forest  Manual  Model.  . . . 1-45 


LIST  OF  TABLES  (Continued) 


TABLE  1-16.— Summary  of  Data  Needs  for  Input  into  the  R.  Withycombe 

Cost  Estimate  Model 1-46 

TABLE  1-17.— Summary  Calculations  for  Estimating  the  Economica ily 

Feasible  Haul  Distance  Using  the  Withycombe  Model.  ........  1-47 

TABLE  1-18.— Summary  Calculations  for  Estimating  Economically 

Feasible  Haulage  Distances,  Presuming  a Cable-Yarding  System  . . . 1-48 

TABLE  1-19. --Commercial  Timberland  Ownership  Patterns  and  Estimated 

Acreages  within  Selected  Distances  from  Livingston,  MT  1-52 

TABLE  1-20. --Summary  of  Estimated  Total  and  Average  Annual  Residue 

Production  within  the  Livingston  Study  Area 1-54 

TABLE  2-1.— Summary  of  Sawmill  And  Post  and  Pole  Operators  Contacted 

within  50  Miles  of  Lincoln,  MT 2-6 

TABLE  2-2.—  Summary  of  Secondary  Manufacturing  Operations  Contacted 

within  50  Miles  of  Lincoln,  MT 2-11 

TABLE  2-3. --Summary  of  Sawmill  And  Post  and  Pole  Operators  Contacted 

within  50  Miles  of  Livingston,  MT 2-12 

TABLE  2-4. --Summary  of  Secondary  Manufacturing  Operations  Contacted 

within  50  Miles  of  Livingston,  MT 2-14 

TABLE  2-5. --Waste  Paper  Recycling  Centers  Present  within  the 

Vicinities  of  the  Lincoln  and  Livingston,  Montana  FGE  Study  Sites.  2-17 

TABLE  2-6. --Sawmill  Waste  Purchase  Agreements  Presently  in  Effect 

with  the  Major  Industrial  Consumers  Located  in  the  Missoula  Area  . 2-20 

TABLE  2-7. --Estimated  Waste  Production  Figures  from  Lincoln-Araa 
Sawmills  not  Possessing  Purchase  Agreements  with  the  Major 
Industrial  Consumers  Located  in  the  Missoula  Area.  ..........  2-22 

TABLE  2-8.—  Summary  of  Solid  Waste  Transport  Costs  from  Local 

Landfill  Sites  to  the  Lincoln-Based  FGE  Facility  2-26 

TABLE  2-9. --Estimated  Waste  Production  Figures  from  Livingston-Area 
Sawmills  not  Possessing  Purchase  Agreements  with  the  Major 
Industrial  Consumers  Located  in  the  Missoula  Area 2-31 

TABLE  2-10.— Summary  of  Solid  Waste  Transport  Costs  from  Local 

Landfill  Sites  to  the  Livingston-Based  FGE  Facility  2-35 


Q 

9 


9 

9 


1.0  TIMBER  HARVEST  RESIDUE  STUDY 


1.1  INTRODUCTION  AND  DEFINITIONS 

The  Milestone  1 Report  was  prepared  with  three  major  objectives  in  mind.  The 
first  objective  was  to  inventory  the  post  timber  harvest  wood  wastes  poten- 
tially available  within  50  miles  of  the  Lincoln  and  Livingston  sites.  In- 
cluded in  this  inventory  is  the  general  characterization  of  the  location, 
quantity,  and  physical  characteristics  (e.g.,  number  and  average  volume  of 
residue  pieces  per  acre)  of  the  timber  harvest  residues  present  in  each  area. 
The  second  objective  involved  the  input  of  the  above  data  along  with  estimated 
residue  gathering  and  transportation  costs  (to  the  given  FGE  facility)  into 
particular  economic  models.  Such  modelling  results  allow  determination  of  a 
haul  distance  within  which  the  residues  are  economically  harvestable.  The 
third  objective  was  to  adjust  the  biomass  inventory  estimates  to  reflect  com- 
petition from  other  users  and  various  environmental  attributes  which  affect 
the  magnitude  of  the  resource  base. 

Forest  residues  of  value  for  FGE  feedstock  include  those  resulting  from  forest 
growth  and  management  activities  and  logging  residues  resulting  from  timber 
harvesting.  The  forest  residues  include  natural  mortality  losses  (e.g.,  due 
to  insect  infestation,  fires,  severe  storms);  unmarketable  trees  culled  from 
commercial  forest  stands  (i.e.,  land  capable  of  growing  at  least  20  ft^/acre 
or  producing  at  least  0.3  ton  of  biomass/acre/year) ; and  noncommercial  or  sur- 
plus timber  stands  composed  largely  of  overmature,  standing  dead  or  diseased 
"junk"  timber  in  need  of  thinning  to  optimize  timber  productivity. 
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Logging  residues  include  trunks  over  seven  feet  long  and  two  inches  in  dia- 
meter which  cannot  be  profitably  harvested  for  lumber.  All  of  the  wood 
remaining  on  the  ground  after  harvest  is  also  classified  as  logging  residue 
(Keegan  and  White,  1979).  The  latter  category  includes  branches  and  foliage, 
rejected  portions  of  the  cut  trunks,  and  understory  vegetation,  which  is 
collectively  termed  "slash." 

1.2  METHODOLOGIES 


1.2.1  Methodological  Overview 

The  essential  purpose  of  the  Milestone  1 study  was  to  determine  the  largest- 
scale  FGE  facility  that  could  be  supported  by  each  area's  timber  harvest  resi- 
due base.  The  operating  scale  will  be  affected  by  present  and  anticipated 
(future)  economic  competition  for  the  residue  materials.  Clearly,  the  com- 
bined costs  of  residue  harvest/transport/handling  incurred  by  the  FGE  facility 
cannot  exceed  the  maximum  price  paid  by  those  operations  competing  for  them. 
This  ceiling  price  will  dictate  the  distance  that  residues  can  be  hauled,  which 
determines  the  volume  of  residue  available  for  FGE  feedstock. 

The  study,  conducted  in  three  phases,  includes:  1)  a general  characterization 
of  the  resource  base  within  50  miles  of  each  site;  2)  an  economic  assessment 
of  the  feasibility  of  residue  gathering,  including  an  assessment  of  competing 
residue  and  land  uses;  and  3)  determination  of  average  annual  residue  available 
for  FGE  production. 
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Presumably,  the  economic  feasibility  of  FGE  production  increases  when  the 
facilities  are  relatively  larger.  To  benefit  from  such  "economies-of-scale" 
it  is  advantageous  to  determine  the  maximum  amount  of  fermentable  wood  fiber 
available.  The  inventory  of  residues  arising  from  wood  milling  and  fiber 
recycling  operations  is  discussed  in  the  Milestone  2 Report. 
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An  estimate  of  average  annual  residue  supply  for  FGE  production  can  be  deter- 
mined through  application  of  the  following  resource  availability  formula,  as 
modified  from  Tillman  (1978): 

RE  = Z [(Rp  + Rs)  - Ru]  - Rm 

The  terms  used  in  this  expression  are  defined  as  follows: 

• Re  represents  residues  available  for  FGE  productions; 

• Rp  represents  residues  generated  by  the  primary  forest  industry, 
including  those  produced  by  forest  growth  and  mortality,  forest  manage- 
ment practices,  timber  harvest,  and  forest  products  manufacturing; 

• R$  represents  residues  generated  by  secondary  wood  and  wood  fiber 
recovery  and  recycling  activities; 

• Ru  represents  residue  that  appears  to  be  uneconomic  to  harvest  and 
use;  and 

• Rm  represents  residues  designated  for  other  purposes,  including  pulp 
and  paper  production,  particle  and  composition  board  production, 
in-plant  steam/electricity  generation,  and  residential  heating. 

Given  a feedstock  supply  within  a defined  study  area,  more  detailed  economic 
feasibility  analyses  can  be  performed.  Such  results  indicate  the  relative 
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cost-competitiveness  of  using  residue  for  FGE  production  rather  than  other 
potential  end-uses. 


o 
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It  must  be  recognized  that  specific  point  or  confidence  interval  estimates  of 
resource  quantity  are  difficult  to  generate.  Estimation  difficulty  is  based 
on  the  following  facts:  _ .... 

• Rp  reflects  regional  economic  variables  (e.g.,  fluctuating  demand  for 
raw  timber  and  finished  wood  products)  plus  site-specific  forest  growth 
rates  and  changing  growth/silvicultural  management  variables; 

• R$  reflects  market  incentives  for  widespread  collection,  concentration, 
and  delivery  to  the  ethanol  facility; 

• Ru  is  subject  to  varying  environmental  constraints  (e.g.,  steep  terrain 
having  highly  erodible  soils),  ease  of  site  access  and  harvest/yarding/ 
haulage  costs;  and 

• Rm  is  correlated  with  those  regional  economic  variables  that  also  in- 
fluence Rp,  plus  market  incentives  for  substitution  of  wood  for  more 
conventional  fossil  fuels  for  energy  production  and  space  heating. 


Thus,  ultimate  availability  of  the  resource  base  will  vary  over  time,  being  a 
function  of  the  selected  geographic  area  and  assumptions  made  regarding  the 
various  terms  in  the  above  formula.  The  ultimate  economic  availability  will 
occur  when  there  is  no  more  profitable  use  of  residue  than  FGE  production. 

a 
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1.2.2  Residue  Inventory 


1.2. 2.1  General  Procedures 

Initially,  the  approximate  acreage  and  ownership  pattern  of  commercial  timber 
lands  (CTLs)  within  50  miles  of  each  site  was  determined.  This  approach 
ignores  the  residue  supply  potentially  contributed  from  the  harvest  of  non- 
commercial timber  stands.  However,  by  focusing"  on  the  CTLs  (i.e.,  those 
lands  most  likely  harvested  over  time),  a conservative  estimate  of  the  residue 
resource  base  can  be  determined. 

The  correlation  of  the  amount  of  CTL  managed  by  various  owners  was  accom- 
plished via  joint  use  of  published  land  cover  type  and  land  ownership  maps. 
County-wide  existing  Land  Use  maps  (1:126,720  scale)  were  acquired  either 
from  MultiTech  files  or  from  the  Economic  and  Community  Development  Division 
of  the  Montana  Department  of  Commerce,  Helena.  The  ownership  pattern  was 
determined  with  Bureau  of  Land  Management  (BLM)  Mineral  and/or  Surface  Manage- 
ment Status  maps  (1:100,000  scale)  or  Natural  Resource  (Public)  Lands  in 
Montana  maps  (about  1:168,981  scale). 

The  CTL  information  contained  on  the  land  cover  type  maps  was  transferred  onto 
the  BLM  land  ownership  maps.  In  general,  the  CTL  boundaries  were  sketched 
for  map  sections  (1  X 1 mile)  within  25  miles  of  the  particular  site.  For 
sections  extending  out  to  50  miles,  an  estimate  of  CTL  areal  extent  was 
recorded  to  the  nearest  one-quarter  (and  sometimes  to  the  eighth)  of  a sec- 
tion. A comparison  of  results  between  this  approach  and  published  values 
(when  available)  indicates  agreement  within  10  to  15  percent. 
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The  next  step  was  to  determine  the  various  forest  cover  types  surrounding 
each  site  via  cursory  literature  review  and  personal  contacts  with  local  land 
management  personnel.  Of  particular  use  were  forest-wide  planning  and  re- 
source inventory  documents  published  by  the  U.S.  Forest  Service. 

Site-specific  details  for  the  Lincoln  and  Livingston  areas  are  discussed  in 
the  following  section. 

1.2. 2. 2 Site-Specific  Procedures 

• Lincoln  Study  Area 

A total  of  12  Mineral  and/or  Surface  Management  Status  quadrangle 
sheets  were  used  to  form  the  base  map.  The  names  and  arrangement  of 
these  sheets  are  shown  in  Figure  1-1,  Part  A. 

The  Existing  Land  Use  sheets  for  the  10  counties  of  interest  were  used 
in  transferring  CTL  data  onto  the  BLM  ownership  (base)  map.  The  names 
and  approximate  arrangement  of  the  land  use  sheets  are  shown  in 
Figure  1-1,  Part  B. 

Once  the  CTL-ownership  pattern  was  established,  approximate  boundaries 
of  the  major  forest  cover  types  were  sketched  in.  The  primary  reference 
for  those  areas  west  of  the  continental  divide  was  a cooperative  study 
prepared  by  the  USDA  Soil  Conservation  Service  and  Montana  Department 
of  Natural  Resources  and  Conservation  (1977).  This  reference  presents 
existing  forest  cover  rather  than  potential  vegetation.  For  areas 
east  of  the  continental  divide,  existing  forest  types  were  determined 
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PART  A:  BLM  LAND  OWNERSHIP  MAPS  AND  RESPECTIVE  PUBLICATION  DATES 
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FIGURE  1-1.— GRAPHICAL  SUMMARY  OF  THE  BLM  LAND  OWNERSHIP 
AND  EXISTING  LAND  USE  MAPS  UTILIZED  FOR  THE  LINCOLN  AREA 
TIMBER  HARVEST  RESIDUE  INVENTORY  STUDY 
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using  the  Headwaters  RC  and  D Project  Plan  (1974)  where  possible.  The 
information  in  this  latter  document  was  supplemented  by  review  of 
habitat  type  maps  (e.g.,  Arno,  1979;  Ross  and  Hunter,  1976),  the 
Helena  National  Forest  Multiple-Use  Plan  (USDA,  Forest  Service,  1972b), 
and  field  observations  made  previously  by  the  author.  Completion  of 
the  forest  cover  type  mapping  allowed  estimation  of  the  relative 
proportion  each  tree  species  or  species  association  may  contribute 
to  the  overall  harvest  residue  (resource)  base.  Furthermore,  use  of 
published  residue  per  acre  by  cover  type  values  allows  estimation  of 
green  tonnage  production  potential  within  the  50-mile  study  area. 

All  reference  materials  and  working  maps  used  in  determining  CTLs 
within  the  defined  study  area  are  on  file  at  MultiTech's  Environmental 
Department. 

• Livingston  Study  Area 

A total  of  six  Public  Lands  in  Montana  quadrangle  sheets  were  used  to 
form  the  base  map.  The  names  and  arrangement  of  these  sheets  are 
shown  in  Figure  1-2,  Part  A. 

The  Existing  Land  Use  sheets  for  the  eight  counties  of  interest  were 
used  in  transferring  CTL  data  onto  the  BLM  ownership  (base)  map.  The 
names  and  approximate  arrangement  of  the  land  cover  type  sheets  are 
shown  in  Figure  1-2,  Part  B.  All  reference  materials  and  working  maps 
used  in  determining  CTLs  are  on  file  at  MultiTech's  Environmental 
Department. 
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PART  A:  BLM  LAND  OWNERSHIP  MAPS  AND  RESPECTIVE  PUBLICATION  DATES 
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AND  EXISTING  LAND  USE  MAPS  UTILIZED  FOR  THE  LIVINGSTON  AREA 
TIMBER  HARVEST  RESIDUE  INVENTORY  STUDY 
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Three  major  references  were  used  to  estimate  the  relative  proportions 
of  major  commercial  forest  types  present  within  the  study  area.  These 
sources  include  the  Gallatin  National  Forest  Multip1e-U::e  Plan,  Part  I 
(USDA,  Forest  Service,  1972a),  area-wide  timber  resource  statistics 
(Felt  and  Barrett,  1979),  and  selected  habitat-type  documents  (e.g., 
Arno,  1979;  Ross  and  Hunter,  1976).  These  data  were  supplemented  with 
field  observations  made  previously  by  the  author. 

1.2.3  Economic  Analysis  of  Residue  Gathering  and  Transportation  Activities 

1.2. 3.1  General  Procedures 

Two  models  were  used  in  estimating  the  economically  feasible  haul  distance 
(harvest  and  transport)  for  moving  residue  to  each  FGE  plant.  The  first 
model  used  was  the  USDA  Northern  Rocky  Mountain  Zone  average  timber  appraisal 
cost  approach,  as  adjusted  for  assumed  variability  in  each  study  area's 
harvest/transport  conditions  (USDA,  National  Forest  Service,  1977).  The 
second  model  was  one  developed  by  Dr.  Richard  Withycombe  for  estimating  costs 
of  collecting  and  transporting  forest  residues  within  the  Northern  Rocky 
Mountain  region  (Withycombe,  1980).  In  order  to  "run"  these  models,  a number 
of  characteristics  specific  to  each  forest  cover  type  and  general  timber 
harvest/transport  parameters  must  be  as  well  qualified  as  possible.  These 
data  needs  are  outlined  below. 

For  each  major  forest  cover  type,  the  mean  value  and  range  (in  values)  were 
defined  for  the  following  variables:  1)  diameter  at  breast  height  (dbh); 
2)  number  of  trees  present  per  acre;  3)  merchantable  biomass  produced  per 
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acre,  expressed  in  both  board  feet  and  cubic  feet  acre-1;  ano  4)  both  volume 
(inherent  or  arithmetic  assumptions)  and  scaling  (internal  consistencies) 
defects.  In  regard  to  commercial  timber  harvest  practices,  assumptions  were 
made  as  to:  1)  the  mean  and  range  in  percent  slope  upon  which  harvest  and 
skidding  occurs;  2)  types  of  vehicles  used  in  skidding;  and  3)  storage  dis- 
tances to  the  loading  area.  Additional  details  pertinent  to  the  individual 
site  areas  are  discussed  below. 

1.2. 3. 2 Site-Specific  Procedures 

• Lincoln  Study  Area 

The  primary  sources  of  information  came  from  personal  interviews  and/or 
phone  contacts  made  with  forest  management  personnel  in  federal  agen- 
cies. The  three  major  sources  were:  1)  USDI,  BLM  District  (Butte) 
and  Garnet  Resource  Area  (Missoula)  Offices;  2)  Supervisor's  (Helena) 
and  District  (Lincoln)  Offices  of  the  Helena  National  Forest;  and  3) 
Seeley  Lake  District  Office  of  the  Lolo  National  Forest.  Additional 
sources  of  information  included  correspondence  with  particular  individ- 
uals and  review  of  various  timber  management  plans  prepared  by  the 
above  agencies. 

• Livingston  Study  Area 

The  major  sources  of  information  came  from  personal  interviews  and/or 
phone  contacts  made  with  personnel  from  the  Gallatin  National  Forest 
Supervisor's  Office  in  Bozeman.  Additional  information  was  acquired 
by  reviewing  published  timber  resource  statistical  and  multiple-use 
planning  documents  for  the  Gallatin  National  Forest. 
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1.3  STUDY  RESULTS 


1.3.1  Lincoln  Study  Area 

1.3. 1.1  General  Characterization  of  the  Forest/Residue  Resource  Base 

Initially,  it  was  decided  that  CTLs  present  within  50  miles  of  Lincoln  could 
be  grouped  into  four  major  cover  types.  The  predominant  species -associations 
and  their  estimated  proportions  (in  decimal  form)  within  the  study  area  are 
as  follows:  1)  Ponderosa  pine-Douglas  f i r/bunchgrass  on  warm/dry  sites, 
0.15;  2)  Douglas  fi r-1 odgepole  pine  on  cool/dry  sites,  0.55;  3)  lodgepole 
pine-subalpine  fir  on  cool/moist  sites,  0.27;  and  4)  "bottomland"  (generally 
warm/moist)  sites  dominated  by  Engelmann  spruce,  grand  fir,  and  western 
larch,  0.03.  Furthermore,  the  species  harvest  distribution  (on  a species-by- 
acre basis)  was  assumed  to  be  0.55,  0.40,  0.05,  respectively  for  lodgepole 
pine,  Douglas  fir,  and  "other"  species. 

The  above  estimates  were  arrived  at  with  the  literature  references  cited  in 
Subsection  2. 2. 2.1,  plus  the  multiple  use  plan  prepared  for  the  Lolo  National 
Forest's  Gold  Creek  Planning  Unit  (USDA,  Lolo  National  Forest,  1974).  Per- 
sonal contacts  included:  Messrs.  Steve  O'Brien  (October  28,  1982)  and  Lace 
Smith  (March  21,  1983)  of  the  Lincoln  District  Office,  Helena  National  Forest; 
Mr.  Kent  Nelson  (March  16,  1983)  of  the  Supervisor's  Office,  Helena  National 
Forest;  Messrs.  Dick  Betts  (March  21,  1983)  and  Henry  Koch  (March  22,  1983) 
of  the  Garnet  Resource  Area  Office,  BLM,  Missoula;  Mr.  Bill  Torgersen  (March 
23,  1983)  of  the  BLM  District  Office,  Butte;  and  Mr.  Boyd  Gossard  (March  21, 
1983)  of  the  Seeley  Lake  District  Office,  Lolo  National  Forest. 
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It  was  assumed  that  areas  subject  to  timber/residue  harvests  would  be  either 
even-aged  lodgepole  pine  stands  or  uneven-aged  mixed  conifer  stands.  It  also 
was  assumed  that  species-specific  characteristics  discussed  below  are  repre- 
sentative of  the  medium-to-overstocked  CTLs  in  the  study  area. 


The  following  assumptions  are  applicable  for  sites  dominated  by  lodgepole 
pine : 

• About  68  percent  of  the  total  acreage  occupied  by  this  species  has  trees 
averaging  from  2.7  to  5.7  inches  diameter  at  breast  height  (dbh),  with 
a range  from  0.1  to  about  18.0  inches; 

• The  number  of  total  trees  per  acre  ranges  from  around  562  on  commercial 
stands  (e.g.,  suitable  for  post/pole  and  saw  timber  harvest)  to  3000 
or  more  in  "doghair"  stands  (i.e.,  dbh  <2.5  inches).  The  number  of 
stems,  constituting  growing  stock  plus  ground-rot  and  cull  trees, 
ranges  from  250  to  over  1860  per  acre; 

• Production  of  merchantable  biomass  varies  from  350  to  8500  board  feet, 
Seri bner-Decimal  C scale.  This  range  is  based  on  gross  volume  esti- 
mates for  a variable-top  utilization  scheme;  that  is,  cutting  at  a given 
height  regardless  of  the  diameter  at  that  point.  In  such  a case,  each 
tree  would  be  cut  at  the  point  where  the  diameter  is  about  40  percent 
of  the  dbh.  For  those  stands  allowing  harvest  of  logs  5 inches  in  dia- 
meter at  the  top,  the  gross  volume  increases  to  a range  of  400  to 
13,500  board  feet.  In  this  latter  case,  gross  cubic  feet  volumes  per 
acre  would  range  from  125  to  3860;  and 

• A harvest  volume  defect  (estimated  error)  of  5 to  8 percent  exists  in 
merchantable  trees. 
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For  sites  dominated  by  Douglas  fir,  the  following  assumptions  are  applicable: 

• About  68  percent  of  the  total  acreage  occupied  by  this  species  has 
trees  averaging  from  4.1  to  8.5  inches  dbh,  while  dbh  ranges  from  0.1 
(tip  diameter)  to  about  28.5  inches; 

• The  number  of  total  stems  per  acre  ranges  from  around  180  to  1380  on 
commercial  stands.  The  number  of  stems  constituting  growing  stock 
plus  sound  rot  and  cull  trees  ranges  from  114  to  over  1000  per  acre; 

• Production  of  merchantable  biomass  varies  from  500  to  11,500  board 
feet,  Seri bner-Decimal  C scale.  For  stands  allowing  harvest  to  a 
5-inch  top,  the  gross  volume  increases  to  a range  from  1000  to  over 
1 8,000  board  feet.  In  this  latter  case,  gross  cubic  feet  volumes  per 
acre  would  range  from  315  to  5140;  and 

• A harvested  volume  defect  of  8 to  10  percent  exists. 

In  regard  to  commercial  timber  harvest  practices,  it  was  assumed  that: 

• Percent  slope  ranges  from  approximately  0 to  over  60,  but  averages 
nearer  to  25  to  30; 

• Ground  skidding  usually  is  done  with  medium-weight  tracked  or  rubber- 
tired  vehicles; 

• Yarding  distances  commonly  vary  in  the  range  from  1000  to  1200  feet, 
and  rarely  exceed  1500  feet;  and 

• Forest-wide,  multi-species  scaling  defects  range  from  6 to  12  percent 
but  average  8 percent. 
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Following  from  the  first  assumption  (regarding  slope  characteristics),  two 
additional  assumptions  were  made: 

• At  present,  most  timber  harvest  is  done  by  hand  falling,  although 
mechanical  methods  are  used  occasionally.  On  slopes  greater  than  40 
percent,  cable  ground  logging  methods  are  practiced,  which  will  become 
more  prominent  in  the  future. 

• "Tractor  ground"  logging  would  lend  itself  to  in-woods  chipping  of  the 
residue;  on  cable  system  harvests,  the  materials  may  have  to  be  trucked 
a short  distance,  within  the  sales  boundary,  prior  to  reaching  a flat 
landing  where  they  could  be  chipped. 

Table  1-1  summarizes  the  representative  number  of  pieces  and  equivalent  bio- 
mass estimates  by  harvest  component  for  mature  stands  of  the  various  forest 
cover  types  present  within  the  study  area.  The  volume  estimates  were  derived 
by  multiplying  cubic  feet  per  acre  values  specific  to  each  forest  cover  type 
(Benson  and  Schlieter,  1980,  Table  2)  by  the  estimated  acreage  of  each  cover 
type.  The  number  of  pieces  per  component  estimates  were  extrapolated  from 
Tables  3 and  4 in  Benson  and  Schlieter  (1980)  and  Tables  4 and  9 in  Brown  et^ 
al  (1977). 


Table  1-1  indicates  that  an  average  acre  of  representative  CTL  land  contains 
about  4,173  cubic  feet  (cf)  of  harvestable  biomass.  These  quantites  assume 
clearcutting  practices  close  to  utilization  standards.  Close  utilization  of 
the  woody  biomass  will  gather  at  least  the  amount  of  material  per  acre  that 
would  be  available  if  the  given  area  was  cut  according  to  conventional  utili- 
zation practices,  (Benson  and  Johnston,  1976).  This  biomass  estimate  could 
be  easily  halved  in  those  situations  wherein  young,  mixed-conifer  stands  are 
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TABLE  1-1.— SUMMARY  OF  NUMBER  OF  PIECES  AND  EQUIVALENT  BIOMASS  ESTIMATES 
FEASIBLY  HARVESTED  PER  ACRE  FOR  A MATURE,  COMPOSITE,  TIMBER  STAND 
PRESENT  WITHIN  A 50-MILE  RADIUS  OF  LINCOLN,  MONTANA 


Equivalent  Biomass 


Component 

Number  of  Pieces 

(cf  per  acre 

Green  Trees 
Merchantable  Logs3 

385 

2,233 

Cul  lb 

38 

223 

Tops/Branches/Fol iagec 

385 

1,116 

Small  Stemsd 

100 

17 

Subtotal 

908 

3,589 

Standing  Deade 

96 

384 

Down  Deadf 

100 

200 

Grand  Total 

1,104 

4,173  9 

Notes : 

a)  Assumes  a weighted  average  dbh  of  7.5  inches,  an  average  merchantable 
tree  length  of  24  ft.,  and  an  average  total  tree  height  of  32  ft;  also 
assumes  an  average  volume  of  5.8  cf  per  merchantable  section  and  about 
8.7  cf  for  "full  tree"  volume. 


b)  Assumes  a harvest  volume  defect  of  10  percent  and  a 9:1  ratio  between 
merchantable  pieces  and  cull  pieces. 

c)  From  note  a),  assumes  (8.7  - 5.8)  = 2.9  cf  per  top/branches/foliage  unit. 


d)  Assumes  average  dbh  and  tip  diameter  of  2.0  and  0.1  inches,  respectively 
and  average  (total)  height  of  8 ft;  volume  calculated  using  Smalian's 
Rule  (Withycombe,  1980,  Table  10),  resulting  in  an  average  value  of 
0.17  cf  (including  stem  and  foliage). 

e)  Extrapolated  from  BLM  stratified  sampling  plot  data  acquired  within  the 

Garnet  Resource  Area;  assumes  a growing  stock:  standing  dead/sound 

trees  of  about  3:1.  Presumes  lengths  ranging  from  7 to  32  ft,  dbh  2 2.5 
inches,  and  average  volume  of  4.0  cf;  this  volume  does  not  include 
crumbly  rot. 

f)  Piece  number  extrapolated  from  Table  3 in  Benson  and  Schlieter,  1980. 
Presumes  lengths  2 7 ft.  and  average  volume  of  2.0  cf. 

g)  Using  a weighted  average  wood  density  of  27.4  lbs  per  ft^  (Brown,  et  al . , 
1977,  Table  9),  this  cf  acre"!  volume  is  equivalent  to  approximately 
57.2  tons  acre~l . 
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thinned  using  conventional  utilization  standards  (MultiTech,  1982,  p.  4-15). 
For  purposes  of  this  study,  clearcutting  to  close  utilization  standards  was 
chosen  as  it  optimizes  harvest  efficiency  and  cost-effectiveness;  the  matter 
of  cost-effectiveness  is  discussed  below. 

The  above  harvestable  biomass  values  assume  that  a sufficient  amount  per  acre 
of  woody  residues  will  be  left  upon  the  site  to  accomplish  the  following: 

• Not  interfere  adversely  with  ectomycorrhizal /nutrient  cycling  activity 
(Brown  and  See,  1981,  p.  9); 

• Not  disrupt  future  timber  productivity,  (Pimental  et  al_,  1978);  and 

• Minimize  adverse  environmental  damage  (e.g.,  sedimentation,  soil  pro- 
file disruptions)  and  interference  with  other  resource  values,  e.g., 
wildlife  habitat,  (Pimental  et_  £l_,  1981). 

The  retrieval  of  cull  materials,  tops  of  submerchantable  trees,  and  a portion 
of  the  standing  dead  trees  and  down  trees  using  conventional  harvest  practices 
is  most  cost-effective  when  done  concurrently  with  saw  timber  logging  opera- 
tions. Additional  wood  fiber  may  also  be  gathered  at  this  time  (e.g.,  slash 
from  old  logging  sites  and  dead  material  on  sites  not  immediately  scheduled 
for  logging).  However,  under  economic  constraints,  the  "cost  of  this  addi- 
tional material  could  not  be  any  less  than  logging  residue  and  its  value  per 
unit  (i.e.,  per  cubic  foot)  would  not  be  any  greater,"  (Keegan  et_  al_,  1981, 
p.  6).  Generally  these  other  sources  either  have  higher  costs  or  lower 
usage  potential  than  logging  residues  or  have  ready  markets  (such  as  posts); 
thus,  their  inclusion  in  the  potential  feedstock  resource  would  not  improve 
the  profit  potential  (Keegan  et_  aj_,  1981,  p.  11).  It  becomes  apparent  that 
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per  unit  costs  will  be  minimized  and  biomass  harvest  rates  and  volumes  opti- 
mized by  conducting  wood  residue  gathering  in  conjunction  with  commercial 
timber  harvesting  operations. 

These  conservative  viewpoints  could  be  modified  favorably  if  federal  and 
state  subsidies,  such  as  the  following,  were  in  effect: 

• Increasing  the  level  of  hard  money  appropriations  for  contribution  of 
timber  access  roads,  then  prorating  such  investments  over  the  various 
timber  sales  subsequently  occurring  in  the  given  area; 

• Offering  energy  credits  on  taxes  paid  by  lumber  or  mineral  development 
companies  for  upgrading  the  quality  of  the  road  system(s)  under  their 
control;  this  may  open  up  areas  of  otherwise  marginal  timber  stands;  and 

• Increasing  the  incentives  for  the  yarding  of  unmerchantable  materials, 
if  possible. 

The  economic  and  political  climate  required  to  implement  these  incentives  is 
uncertain;  thus,  such  advantages  cannot  be  depended  upon  to  cause  significant 
increase  in  the  wood  fiber  resource  base.  Again,  the  reliance  on  clearly 
profitable  instances  of  timber  harvest  is  the  safest  policy,  particularly  as 
the  study  area's  national  forest  system(s)  comes  under  increasingly  more 
regulated  management. 

The  timber  and  residue  haulage  assumptions  used  in  the  Forest  Manual  approach 
to  harvest/transport  cost  estimation  were  as  follows: 

• The  merchantable  timber  is  cut  into  24-foot  lengths,  each  having  an 
average  gross  merchantable  volume  of  5.8  cf  (Withycombe,  1980,  Table 
10); 
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• The  usable  residues  range  from  7 to  32  feet  long,  average  18.2  feet 
(see  Table  3 in  Benson  and  Schlieter,  1980),  and  possess  an  average 
gross  volume  of  3.0  cf  (Table  1-1  and  Table  10  in  Wit  ycombe,  1980); 

• On-highway  log  trucks  having  a maximum  haulage  capacity  of  1040  cf 
and  a load  limit  of  52,000  lbs  are  used  to  haul  the  timber/wood  fiber; 
while, 

• Capacity  is  reduced  to  30,000  lbs  for  pieces  averaging  less  than  10 
cf  due  to  "the  difficulty  of  loading  many  small  pieces  in  a truck" 
(Withycombe,  1980,  p.  A-6). 

In  order  to  evaluate  potential  road  quality  between  any  given  timber  harvest 
area  and  the  FGE  facility  site,  the  BLM  ownership/CTL  (base)  map  was  inspected, 
along  with  review  of  available  1 :250, 000-scale  AMS  ("Butte"  and  "Choteau") 
quadrangle  sheets.  From  this  inspection,  the  following  road  types  and  pro- 
portionate availability  in  the  facility  area  were  derived: 

• Primary  highways  with  excellent  alignment  and  a slope  range  of±  6 
percent  present  on  25%  of  the  area; 

• Double-lane  secondary  roads  with  a mixture  of  paved  and  graveled 
surfaces  and  a slope  range  of±  8 percent  present  on  2 j%  of  the  area; 

• Single-lane  graveled  roads  with  ditches,  fair-to-poor  jlignment  and  a 
slope  range  of±  8 percent  present  on  30%  of  the  area;  and 

• Single-lane  dirt  roads  without  ditches,  fair  alignment  and  a slope 
range  of±  8 percent  present  on  15%  of  the  area. 
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1.3. 1.2  Determination  of  the  Economically  Feasible  Resiche  Harvest  and 
Transport  Radius 

9 


The  first  approach  towards  estimating  the  economically  feasible  haul  distance 
used  the  USDA  Northern  Rocky  Mountain  Zone  average  timber  appraisal  costs, 
as  adjusted  for  the  assumed  variability  in  harvest  site  conditions  (USDA, 
National  Forest  Service,  1977).  The  results  indicate  a 1983  felling/limbing 
cost  of  $45.24  per  thousand  board  feet  (MBF),  presumably  incorporating  vari- 
ability among  the  species  harvested.  Furthermore,  the  1983  average  skidding 
cost  was  calculated  to  be  $47.54  per  MBF.  The  mechanics  of  these  calculations 
are  summarized  in  Table  1-2.  As  discussed  above,  the  ccsts  of  processing 
logging  residues  would  be  at  least  as  expensive  as  those  incurred  for  saw 
timber  operations.  The  two  cost  estimates  above  probably  represent  the 
upper  bound  of  credibility  for  saw  timber,  and  may  be  more  applicable  to 
logging  residues.  The  zone  average-derived  appraisal  costs  (for  saw  timber 
and  poles)  tend  to  be  greater  than  costs  actually  observed  within  the  study 
area  (MultiTech,  1982,  p.  4-19),  so  tend  to  be  on  the  conservative  side  of 
cost  estimation.  Data  pertaining  to  cost  estimations  for  loading/unloading 
and  transportation  of  saw  timber  are  given  in  Table  1-3;  this  information  was 
combined  with  data  from  the  previous  table  to  estimate  an  overall  radius  of 
economic  feasibility.  Table  1-4  presents  in  detail  the  means  of  deriving  an 
estimated  one-way  haulage  distance  (radius)  of  57.2  miles. 


The  estimated  haul  distance  of  57.2  miles  appeared  to  be  somewhat  optimistic, 
given  D.A.  Tillman's  (1978)  discussion  of  effective  transport  distance. 
Tillman  states  that  maximum  profitable  truck  transport  of  softwood  residues 
(@  45  percent  by  weight  moisture  content)  is  about  40  miles  (Table  II,  p.  94). 
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TABLE  1-2.— RATIONALE  FOR  APPRAISAL  OF  FELLING/LIMBING  AND  SKIDDING  COSTS 
VIA  USE  OF  THE  USDA  FOREST  MANUAL  (IN  1983  DOLLAR.'} 


FELLING/LIMBING  COSTS3 
Component 

Average  dbh  =7.5  inches 
Stem  density  = 481  acre"' 
Percent  slope  = 25-30 
Merchantable  tree  defect  = 8% 

TOTAL  ADJUSTMENT 


Percent  Adjustment,  r ctor 

+ 70.0 

- 2.0 

+ 2.5 

- 10.0 

+ 60.5 


Zone  average  (excluding  rent,  lease  and  depreciation)  - $24.25 
Rent,  lease  and  depreciation  = $6.32  _ , 

Appraisal  Cost  Estimate:  ($24.25  x 1 .605)  + $6.32  = $45.24  M3F’ 

SKIDDING  C0STSb 

Component  Percent  Adjustment  Factor 

Net  volume  acre-^  = 7600  MBF  c +1.5 

Average  no.  logs  per  gross  MBF-1  = 18  d - 15.0 

Skidding  distance  = 1000  ft.  + 9.0 

Scaling  defect  =8%  ~ ^ 


TOTAL  ADJUSTMENT  - h.b 

Zone  average  (excluding  rent,  lease  and  depreciation)  = $42. /I 
Rent,  lease  and  depreciation  = $7.18 

Appraisal  cost  estimate:  ($42.71  x 0.945)  + $7.18  = $47.54  ME.-  ' 


Notes : 

a)  Taken  from  pp.  2422.41  —2  and  2422.41  —4  in  the  Manual , F5M  6/81  R-l 
Supp  276. 

b)  Taken  from  pp.  2422.41  —2  and  2422.41  —6  in  the  Manual , FSM  6/81  R-l 
Supp  276. 

c)  From  Table  3-1,  the  total  merchantable  log  volume  plus  standing  dead 
volume  equals  2617  cf;  assume  average  ratio  of  3.3  bdft  par  cf,  thus 
equivalent  to  8636  MBF  gross  volume;  the  net  volume  is  calculated  using 
a harvest  volume  defect  of  10  percent  for  merchantable  logs  and  25 
percent  for  standing  dead  material. 

d)  Calculated  by  dividing  gross  MBF  volume  acre-1  by  merchantable  stems 
acre”  , i.e.,  8636+  481  = 18  stems  MBF  . 
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TABLE  1-3.— RATIONALE  FOR  APPRAISING  TIMBER  LOADING  AND  HAULAGE  COSTS 
VIA  USE  OF  THE  USDA  FOREST  MANUAL  APPROACH 


Component 

Gross  volume  (green  tons)3 
Loading  Time  (minutes)*3 


Value  Utilized 
17,25 
ES 


Road  Quality— see  discussion  in  text 


Averaged  Speed  (mph)c  11.0 

Transport  Costs 

Fixed  daily  costsd  $ 70.49 

Labor  per  daye  $208.23 

Unloading  time  (minutes)^  45 


Notes : 

a)  Presumably  the  maximum  volume  capable  of  being  hauled,  given  the  small 
lengths  and  vol ume-per-piece  characteristics  of  the  materials,  (see  p.  3-7). 

b)  Extrapolated  from  Table  2,  p.  2422.41—21  in  the  USDA  Forest  Manual  (1  977); 
the  weighted  value  derived  from  this  table  was  multiplied  by  1.5  to 
adjust  for  added  difficulty  in  loading  these  materials. 

c)  Extrapolated  from  Table  3,  p.  2422.41 — 23  in  the  USDA  Forest  Manual  (1  977); 

the  weighted  average  mph  was  calculated  as  follows:  (IT. 87  x 0.25)  + 

(10.43  x 0.30)  + (8.62  x 0.30)  + (8.68  x 0.15)=  11.0  mph, 

d)  Calculated  from  p . 2422.41 --1 8 in  the  USDA  Forest  Manual  (1977); 

$17,271  * 245  = $70.49  per  operating  day. 

e)  Calculated  from  p.  2422.41 --18  in  the  USDA  Forest  Manual  (1977),  but 
using  a 10-hour  work  day  = $249.87  x 10/12  = $208. 23 "day" 1 . 

f)  Author's  observations/impressions  gained  while  serving  as  an  employee 
for  the  Flathead  National  Forest  Service,  summers  of  1971-1976. 
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TABLE  1-4. -SUMMARY  CALCULATIONS  FOR  ESTIMATING  THE  ECONOMICALLY  FEASIBLE 
HAUL  DISTANCE,  USING  THE  USDA  FOREST  MANUAL  MODEL  (IN  1983  DOLLARS) 


CRITICAL  ASSUMPTION:  The  FGE  facility  must  be  able  to  pay  up  t)  $43.60  green 

ton"l,  thus  remaining  competitive  with  the  anticipated 
pulpwood/fiber  product  markets  (and  possibly  with  the 
house  log  market— see  Keegan,  1982). 


APPROACH: 


1.  Assume  in-plant  chipping  and  associated  handling  costs  of  $3.82  green 
ton-1  (See  Table  4-9  in  MultiTech,  1982;  adjusted  to  1933  dollars  via 
use  of  a 9 percent  inflation  of  the  original  1981  value). 

2.  Ceiling  price  per  load:  17.25  green  tons  load"1  x $43.60  green  ton-1  = 

$752.10  load-1. 

3.  Conversion  of  MBF  to  green  tons:  $92.78  MBF~1  x 1 MBF/1000  BF  x 

(10  lbs/BF)"l  x 2000  lbs.  ton"l , equivalent  to  $18.56  green  ton-1.  The 
lbs  per  bdft  conversion  was  taken  from  Table  II  in  Withycombe , 1980. 

4.  Expression  for  calculating  the  economically  feasible  haulage  radius: 

distance  (in  miles) 

a)  $752.10  = $320.16  + (1.717  hrs.  x $20.82  hr.'1 2 3 4)  " H .0  mpTi 

$20.82  hr."l  + distance  (miles)  x $0,993  mile"1  + $65,90  (for 
shipping,  1 oad  ~* ) ; 

The  weighted  cost  mile”!  factor,  contained  within  the  brackets, 
used  the  Forest  Manual's  cost  mile“l  values  of  0.5224  and 
1 .5674  for  paved  and  unpaved  roads,  respectively  (Fr.rsst  Manual, 

1 977,  p.  2422.41 --18).  The  mechanics  of  calculatingThe  above 
factor  are  as  follows: 


[highway  driving  proportion,  0.25  + double-lane  driving  proportion, 
0.30]  x $0.5224  mile-1  + [single-lane  gravel  road  driving  proportion, 
0.30  + single-lane  dirt  road  driving  proportion,  0.15]  x $1.5674 
mile-1  = $0.9926  mile-1  = $0,993  mile-1. 

b)  $752.10  - $320.16  - $35.75  - $65.90  = ($1  ,893  mile-'1  + $0,993  mile-1) 
= $2,886  mile“l  traveled. 


c) 


Thus,  by  dividing  the  residual  price  per  load  by  the  travel  cost 
per  mile,  the  total  miles  allowed  for  travel  (and  still  break  even 
on  costs)  can  be  calculated.  The  results  of  this  calculation  are 


shown  below. 

"Haulage  allowance"  (in  miles) 


$330.29 
$2,886  mi le-^ 


i 1 4 . 4 miles 


round  trip. 
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He  continues  by  noting  that  comparison  of  this  value  "with  other  studies 
finds  substantial  agreement  on  an  approximate  50  mile  radius  for  the  movement 
of  wood  fuels,"  (p.  95).  Furthermore,  one  should  recall  the  ;aveat  from  the 
USFS  that  the  Forest  Manual  calculations  are  intended  for  si w timber,  not 
harvest  residues.  Thus,  it  is  believed  that  the  calculated  haul  distance 
represents  (and  probably  exceeds)  the  maximum  economically  aasible  range. 

The  R.  Withycombe  (1980)  cost  appraisal  model  was  used  in  the  second  approach 
for  estimating  the  economically  feasible  haul  distance.  Information  used 
initially  in  the  modelling  effort  is  summarized  in  Table  1-5,  The  results, 
shown  in  Table  1-6,  indicate  saw  timber  and  residue  can  economically  be 
hauled  approximately  19.5  and  zero  miles,  respectively.  This  ■ conclusion 
assumes  break-even  economics  for  both  logger  and  plant  operator  (i.e.,  no 
profit-taking),  and  no  external  subsidizing  of  incurred  costs.  If  the  residue 
materials  are  chipped  at  the  harvest  site,  and  hauled  away  in  25-ton  capacity 
chip  vans,  the  feasible  haul  distance  appears  to  be  zero  miles  regardless  of 
whether  residues  are  debarked  before  chipping.  The  mechanics  used  to  derive 
these  estimates  are  shown  in  Table  1-7.  Given  the  presence  of  mountainous 
terrain  with  roads  presumably  having  sharp  switchbacks,  a presumed  shortage 
of  level  space  for  chipping  operations,  and  difficult  processing  economics, 
the  residues  should  be  chipped  at  the  FGE  site. 

In  order  to  test  the  sensitivity  of  the  model  to  changes  in  the  assumed 
(input)  values,  it  was  rerun  using  more  optimistic  dbh  and  cf  vcl uma-per-piece 
estimates.  The  modifications  made  to  the  initially-used  values  (Table  1-5) 
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TABLE  1-5.— SUMMARY  OF  DATA  NEEDS  FOR  INPUT  INTO  THE  R.  WI  ,'HYCOMEE  COST 
ESTIMATE  MODEL  (EXPRESSED  AS  1983  DOLLARS  PER  GREEN  TON),  FfRST  ITERATION 


Fiber  Tvoe 


Component 

Hand  felling  and  limbing  costs 
Grapple  skidding  costs0 
Loading/hauling  costs^ 
Unloading  Costs9 


Saw  Timber3 
8.52 

4.21  to  9. 1 2d 

7.21 
3.80 

l $23.74  to  $28.65 


Loggi i g Residues^ 
56.24 

4.21  to  31.64e 
13.32 

8.12  

$81 .89  to  $109.32 


Notes : 


a) 


Assumes  an  average  dbh  of  9.0  inches, 
from  Table  1 in  R.  Withycombe,  1980. 


Cost  estimates  are  extrapolated 


b)  Assumes  an 
from  Table 


average  dbh  of  4.0  inches. 
1 in  R.  Withycombe,  1980. 


Cost  estimates  are  extrapolated 


c)  Assumes  an  average  grapple  skidding  distance  of  1000  ft,  average  saw 
timber  volume  of  7.8  cf  per  24  foot  section,  and  an  avert ge  residue 
volume  of  1.0  cf  per  18  foot  section.  Cost  estimates  art  extrapolated 
from  Table  3 in  R.  Withycombe,  1980. 


d)  The  lower  cost  follows  from  the  optimistic  assumption  that  each  load 
will  have  a volume  of  150  cf;  the  higher  cost  follows  frcm  the  more 
conservative  assumption  that  only  10  stems  can  be  carried  per  load, 
totalling  78  cf  volume. 

e)  The  lower  cost  follows  from  an  optimistic  assumption  that  each  load  will 
have  a volume  of  150  cf;  the  higher  cost  follows  from  the  more  conser- 
vative assumption  that  only  20  stems  can  be  carried  per  load,  totalling 

. 20  cf  volume. 


f)  Assumes  an  average  (one-way)  haul  distance  of  25  miles  and  road  conditions 

similar  to  those  used  in  the  Forest  Manual  cost  appraisals.  Cost 

estimates  are  extrapolated  from  I able  b in  R.  Withycombe,  1980,  using 

the  average  volume  per  piece  estimates  contained  in  Note  c),  above. 

g)  Assumes  same  saw  timber  and  residue  dbh  averages  as  given  in  Note  c), 

above.  Cost  estimates  extrapolated  from  Table  8 in  R.  Wichycombe,  1980. 


1-25 


J 


TABLE  1-6.— SUMMARY  CALCULATIONS  FOR  ESTIMATING 
THE  ECONOMICALLY  FEASIBLE  HAULAGE  DISTANCE 
USING  THE  WITHYCOMBE  MODEL  (IN  1983  DOLLARS) , FIRST  ITERATION 


CRITICAL  ASSUMPTION;  The  same  as  given  in  Table  1-4  (i.e,,  a £43,60  green 

ton"'  price  ceiling  on  as-received  residue  feedstock).1 2 3 4 

APPROACH: 

1.  Assume  in-plant  chipping  and  handling  costs  of  $3,82  per  green  ton  (see 
Table  1-4). 

2.  Assume  ceiling  price  per  17.25  ton  shipment  of  $752,10  (see  Table  1-4). 

3.  Assumed  resource  costs  per  green  ton:  a)  an  average  saw  limber  cost  of 

$26.20,  and  b)  an  average  residue  cost  of  $95.60  (taken  from  Table  1-5). 

4.  Input  pertinent  values  into  the  same  equation  form  as  presented  in  Table 

1-4.  The  estimate  for  total  haulage  distances  judged  to  be  economically 
feasible  are  as  follows:  a)  for  saw  timber,  39.0  miles  (i.e.,~  19.5 

miles  radius)  and  b)  for  residues,  0 miles. 


Note: 

a)  The  following  additional  assumptions  were  utilized  in  the  calculations: 

1)  An  average  speed  of  11.0  mph  and  a tractor/trai ler  operating  cost 
of  $0,993  mile"' ; 

2)  Loading/unloading  times  totaled  to  1.717  hours;  and 

3)  A $37.12  hour"'  cost  for  the  log  truck  and  driver  (extrapolated  from 
p.  A-7  in  Withycombe,  1980  and  adjusted  to  1983  dollar.?). 


9 
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TABLE  1-7.— SUMMARY  CALCULATIONS  FOR  ESTIMAi IMG  THE  ECONOMICALLY 
FEASIBLE  HAULAGE  DISTANCE  FOR  FIELD-CHIPPED  RESIDUES, 

USING  THE  WITHYCOMBE  MODEL  (IN  1983  DOLLARS) 


CRITICAL  ASSUMPTION:  The  same  as  given  in  Table  1-4. 

APPROACH: 

1 From  Note  1,  Table  6 in  Withycombe  (1980),  assume  production  costs  of  $5,391 
per  green  ton  of  barked  residue  and  $4,312  per  green  ton  of  unbarked 
residue.  The  chipped  materials  will  be  hauled  about  25  mil  .s  to  the  Fbt 
site  in  25-ton  capacity  chip  vans  on  the  same  reads  traveled  otherwise  by 

tractor/trailer  logging  trucks. 

2.  Make  the  following  assumptions:  a)  hand  felling-limbing  an  i grapple  skidding 

costs  averaging  $74.16  green  ton-1  (Table  1-5)  for  debarked  feedstock  (co 
the  chipper):  b)  for  unbarked  feedstock  not  requiring  limbing,  assume  an 
average  cost  of  $55.42  green  ton"'  (Table  1-5,  using  cwo-th  res  j -he  given 
felling/limbing  cost);  c)  an  average  speed  of  11.0  mph  and  an  operating 

cost  of  $0,950  mile"' ; d)  loading/unloading  time  totalling  ;.o00  hours;  and 
e)  labor  costs  set  at  $20.82  hour"1  (Table  1-4). 

3.  Input  the  pertinent  values  into  the  same  equation  form  as  presented  in 
Table  1-4.  This  involves  solving  the  following  equation  fc."  d.  The 
first  equation  is  the  case  for  unbarked  residue  field  processing,  haulage 
and  on-site  (FGE)  storage/handling.  The  second  equation  is  the  case  for 
barked  residue  processing,  etc. 


Equation  1 

($43.60  ton"1 )(25  tons)  = ($55.42)(25)  + ($4.312)(25)  + (1.500  hours  x $20.82  hours"1) 

+ distance  (in  miles)  x $20.82  hour"1  + distance  (miles)  x $091 0 mile-1 
11.0  mph 

+ ($3.73  ton"1  x 25  tons)  for  FGE  chip  storage  and  handling. 

$1090.00  = $1385.50  + $107.80  + $31.23  + [1.893d  + 0.950d]  + $93.25. 
d < 0 miles. 


Equation  2 

$1090.00  = ($74.1 6) (25)  + ($5.391 )(25)  + . . . + $93.25 
d < 0 miles 
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are  shown  in  Table  1-8.  The  results  of  the  second  "run"  are  shown  in  Table 
1-9.  The  results  indicate  economically  feasible  haul  distances  for  saw 
timber  and  residue  approximately  32.2  and  11.2  miles,  respe*  ti vely.  Given 
past  experience  with  timber  haulage  into  mills  at  Lincoln,  30  miles  appears 
reasonable  as  a maximum  economic  haul  distance,  while  19  miles  is  a reasonable 
average  value. 

Overall,  the  determination  of  economic  haul  distance  is  very  sensitive  to 
assumptions  pertaining  to  timber  and  wood  fiber  harvesting,  transport,  and 
in-plant  processing  costs.  Credible  estimates  of  the  economically  feasible 
haul  distance  for  wood  residues  range  from  zero  to  over  50'  miles.  As  the 
Withycombe  model  is  better  designed  to  evaluate  wooci  residue  harvesting  costs 
(than  is  the  Forest  Manual  method),  the  arithmetic  average  cf  those  values 
generated  by  both  models  represents  a moderate  figure  of  approximately  22.0 
miles  (radius).  This  is  not  to  say  that  the  use  of  the  Forest  Manual  approach 
was  an  exercise  in  futility;  the  harvest/haul ing  of  commercial  saw  timber 
within  60  or  so  miles  from  Lincoln  appears  to  be  economically  feasible. 
However,  given  the  magnitude  of  economic  investment  (risk)  involved  in  con- 
structing and  operating  a large  (_>  0.67  million  gallon  per  yea:  ) FGE  facility, 
and  given  the  degree  of  presumed  accuracy  inherent  in  the  models’  parameters, 
a haul  distance  approaching  or  exceeding  50  miles  cannot  be  recommended  at 
this  time. 

The  major  topographic  and  cultural  features  present  within  5 miles  of  the 
plant  are  shown  in  Figure  1-3. 
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TABLE  1-8.— SUMMARY  OF  DATA  NEEDS  FOR  INPUT  INTO  THE  R.  WITHY COMBE  COST 
ESTIMATE  MODEL  (EXPRESSED  AS  1983  DOLLARS  PER  GREEN  TON),  SECOND  ITERATION 


Component 

Hand  felling  and  limbing  costs 
Grapple  skidding  costs0 
Loading/hauling  costs1" 
Unloading  Costs9 


Fiber  Type 

Saw  Timber3  Logging  Residues13 

39.86 

6.35  :o  6. 55e 
7.76 
i.  28 


3.96 

4.21  to  5. 28d 
7.58 
4.12 


l $19.87  to  $20.94  $58.25  :o  $58.45 


Notes : 

a)  Assumes  an  average  dbh  of  12.5  inches.  Cost  estimates  are  extrapolated 
from  Table  1 in  R.  Withycombe,  1980. 

b)  Assumes  an  average  dbh  of  4.5  inches.  Co.£t  estimates  are  extrapolated 
from  Table  1 in  R.  Withycombe,  1980. 

c)  Assumes  an  average  grapple  skidding  distance  of  1000  ft.s  average  saw 
timber  volume  of  5.9  cf  per  16  foot  section,  and  an  averace  residue 
volume  of  5.0  cf  per  18  foot  section.  Cost  estimates  are  extrapolated 
from  Table  3 in  R.  Withycombe,  1980. 

d)  The  lower  cost  follows  from  the  optimistic  assumption  that  each  load 
will  have  a volume  of  150  cf;  the  higher  cost  follows  from  the  more 
conservative  assumption  that  only  10  stems  can  be  carried  oer  load, 
totalling  125  cf  volume. 

e)  The  lower  cost  follows  from  an  optimistic  assumption  that  each  load  will 
have  a volume  of  100  cf;  the  higher  cost  follows  from  the  more  conser- 
vative assumption  that  only  20  stems  can  be  carried  per  lead,  totalling 
90  cf  volume. 

f)  Assumes  an  average  (one-way)  haul  distance  of  25  miles  and  road  conditions 
similar  to  those  utilized  in  the  Forest  Manual  cost  appraisals.  Cost 
estimates  are  extrapolated  from  Table  5 in  R.  Withycombe,  1980,  using 

the  average  volume  per  piece  estimates  contained  in  Note  c),  above. 

g)  Assumes  same  saw  timber  and  residue  dbh  averages  as  given  in  Note  c), 
above.  Cost  estimates  extrapolated  from  Table  8 in  R.  Withycombe,  1980. 
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TABLE  1-9.— SUMMARY  CALCULATIONS  FOR  ESTIMATING 
THE  ECONOMICALLY  FEASIBLE  HAULAGE  DISTANCE 
USING  THE  WITHYCOMBE  MODEL  (IN  1983  DOLLARS),  SECOND  ITERATION 


o 

9 


CRITICAL  ASSUMPTION:  The  same  as  given  in  Table  1-4  (i.e.E  a 43»60  green 

ton"l  price  ceiling  on  as-received  reside  feedstock).1 2 3 4 

APPROACH: 

1.  Assume  in-plant  chipping  and  handling  costs  of  $3.82  per  green  ton  (see 
Table  1-4). 

2.  Assume  ceiling  price  per  17.25  ton  shipment  of  $752.10  (see  Table  1-4). 

3.  Assumed  resource  costs  per  green  ton:  a)  an  average  saw  imber  cost  of 

$20.40,  and  b)  an  average  residue  cost  of  $58.35  (taker*  from  Table  1-5). 

4.  Input  pertinent  values  into  the  same  equation  form  as  presented  in  Table 

3-4.  The  estimate  for  total  haulage  distances  judged  to  To  economically 
feasible  are  as  follows:  a)  for  saw  timber,  64.4  miles  ~ 32.2 

miles  radius)  and  b)  for  residues,  22.5  miles  (i.e.,  - 1 -Z  miles  radius). 


Note: 


a)  The  following  additional  assumptions  were  utilized  in  the  cal culations : 

1)  An  average  speed  of  11.0  mph  and  a tractor/trai ler  operating  cost 

of  $0,950  mile-1;  . 

2)  Loading/unloading  times  totaled  to  1.500  hours;  and 

3)  A $37.12  hour-1  cost  for  the  log  truck  and  driver  (ext rapol ated  from 
p.  A-7  in  Withycombe,  1980  and  adjusted  to  1983  dollars)- 
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FIGURE  1-3.— RESOURCE  STUDY 
AREA  MAP  FOR  THE  LINCOLN  FGE  SITE. 
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1.3. 1.3  Estimation  of  the  Magnitude  of  the  Residue  Feedstock  Base 

The  ownership  pattern  for  the  study  area  was  described  in  three  concentric 
circular  areas  centered  on  the  FGE  plant  site.  These  three  areas  extend 
12.5,  25.0,  and  50.0  miles  from  Lincoln.  Such  divisions  allow  flexibility  in 
assessing  the  magnitude  of  the  residue  base,  given  the  uncertainties  inherent 
in  the  economic  modelling  processes  and  subsequent  results  of  such  activities. 
The  estimated  CTL  acreage  present  in  each  of  the  three  areas  is  shown  in 
Table  1-10.  Two  concerns  should  be  noted  in  using  these  data.  First,  the 
CTL  information  was  compiled  by  the  state  on  or  before  1 977  from  various 
sources;  although  such  data  do  not  become  easily  outdated  (as  it  is  essentially 
a biological  measurement  repeatable  over  time),  the  accuracy  of  the  data  is 
insufficient  for  detailed  resource  analysis.  Secondly,  the  demarcated  CTLs 
include  areas  already  clearcut  or  in  various  stages  of  managed  growth  (e.g., 
commercial  stand  thinning,  cull  removal);  such  areas  may  not  be  available  for 
residue  harvest. 

From  Table  1-10,  approximately  268,320  acres  of  CTL  lands  appear  to  be  access- 
ible to  the  potential  FGE  facility.  If  residue  recovery  is  economically 
feasible  out  to  50-miles  (from  Lincoln),  then  the  total  acreage  increases 
nearly  four-fold  to  1,051,680  acres.  In  order  to  estimate  the  annual  range 
in  residue  production,  a number  of  assumptions  had  to  be  made.  These  assump- 
tions include: 

• A conservati ve  assumption  (based  largely  on  National  Forest  operations) 
that  only  60  percent  of  the  total  CTL  lands  are  suitable  for  timber 
harvest.  The  remaining  acreage  is  presumably  unsuitable  for  one  or 
several  of  the  following  reasons:  1)  they  have  been  withdrawn  from 
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TABLE  1-10.— COMMERCIAL  TIMBERLAND  OWNERSHIP  PATTERNS  AND  ESTIMATED  ACREAGES 
WITHIN  SELECTED  DISTANCES  FROM  LINCOLN,  MONTANA 


I 

CO 

CO 


Distance  from  Lincoln  (Miles) 

Ownership  Category 

0.0  - 12.50  12.51  - 25.00 

25.01  - 50.0 

Montana  State  Forestry  Lands3 

800  0 

16,480 

Privately-Owned  Timberlands^ 

14,720  36,960 

239,840 

U.  S.  Department  of  Agriculture 


Deer  Lodge  National  Forest 

0 

0 

213,120 

Helena  National  Forest 

114,560 

51 ,840 

89,760 

Lewis  and  Clark  National  Forest 

0 

1,600 

20,000 

Lolo  National  Forest 

0 

6,560 

127,520 

U.  S.  Department  of  Interior 
Bureau  of  Indian  Affairs 


(Flathead  Reservation) 

0 

0 

480 

Bureau  of  Land  Management 

3,200 

38,080 

75,680 

Bureau  of  Reclamation 

(Gibson  Reservoir) 

0 

0 

480 

£ 

133,280 

£ 

135,040 

£ 

783,360 

Notes : 

a)  Does  not  include  those  lands  managed  for  wildlife,  park,  and  outdoor  recreation  purposes. 

b)  Includes  lands  owned/managed  by  U„  S.  Plywood,  Burlington  Northern.  Montana  Power,  and  non-i not  stria 
wood  lots 

Source:  BLM  land  ownership/CTL  base  map  on  file  at  Multi  Tech,  Inc*,  Butte,  Montano... 


timber  harvest  by  statute,  administrative  regulation,  or  by  design  in 
approved  land  use/resource  management  planning  scheme;;  2)  they  are 
no  more  than  marginally  suitable  due  to  excessive  development  costs, 
low  product  values  or  resource  protection  constraints;  or  3)  they 
constitute  a portion  of  the  unregulated  component  i a,,  those  CTLs 
not  organized  into  timber  production  units  manage  me  sustained 

yield  principles. 

• An  average  annual  timber  harvest  rate  of  1.05  percsn ; of  the  total 
acreage  (per  cover  type)  over  the  duration  of  the  FGE  sellity  opera- 
tions. This  rate  incorporates  differences  in  preccr  and  potential 
future  timber  resource  utilization  strategies  made  !y  the  various 
ownership  categories.  The  previous  results  for  the  Anaconda  FGE  study 
(MultiTech,  1982)  were  used  as  guidance  and  are  large]/  transferrable 
to  the  Lincoln  area. 

• A presumed  species  harvest  distribution  of  55,  40,  and  05  percent 
respectively  for  those  cover  types  dominated  by  lodgepole  pine,  Douglas 
fir,  and  "other"  species.  The  presumed  clearcut-to-partial  cut  ratios 
for  these  three  categories  are  75:25,  50:50,  and  25:75,  respectively. 
Again,  the  previous  resource  study  was  used  for  guidance  as  it  appeared 
to  be  biologically  transferrable  (MultiTech,  1982). 

• Only  65  percent  of  the  total  residues  per  acre  will  ba  harvested  due 
to  technical /economic  constraints  and  allow  for  the  maintenance  of 
other  resource  values  (e.g.,  to  support  soil  recovery  and  maintain 
wildlife  habitat,  etc.). 

The  data  from  Table  1-10  and  the  above  assumptions  were  used  to  calculate  the 
average  annual  residue  base  potentially  available  to  the  FGE  operations.  It 
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does  not  recognize  the  effects  of  competition  from  other  industrial  or  resi- 
dential sector  users.  The  results  shown  in  Table  1-11  indicate  an  annual 
residue  production  of  51,386  green  tons  (0  55  percent  by  weight  moisture 
content)  within  25-miles  of  Lincoln.  If  the  residues  produced  between  25 
and  50  miles  of  Lincoln  are  economically  accessible,  than  another  150,020 
"green"  tons  of  residues  could  be  available  to  FGE  production.  In  order  to 
estimate  the  "worst-case"  feedstock  supply  case,  it  was  assumed  that  only  25 
percent  of  those  residues  produced  on  private  land  will  be  available  for  FGE 
use,  while  65  percent  produced  on  federal  and  state  lands  will  be  available 
for  FGE  production.  Such  assumptions  reduce  the  anticipated  annual  production 
figures  to  29,442  tons  within  25-miles  radius  of  Lincoln;  similarly,  about 
79,139  tons  will  be  produced  within  25  to  50  miles.  These  figures  allow  for 
residential  use  of  the  residues  and  recognize  competition  with  other  indus- 
trial users. 

If  the  previously  calculated  value  of  76  green  lbs  of  residue  feedstock  per 
gallon  of  FGE  produced  is  correct  (MultiTech,  1982,  p.  4-11),  then  annual  FGE 
production  could  vary  from  774,789  gallons  to  2,082,605  gallons.  Considering 
that  the  modelling  results  indicated  a probable  haul  distance  of  22.0  miles, 
it  is  recommended  that  the  lower  value  above  be  used  in  calculating  for 
engineering  design  and  plant  capacity. 
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TABLE  1-11.— SUMMARY  OF  ESTIMATED  TOTAL  AND  AVERAGE  ANNUAL 
RESIDUE  PRODUCTION  WITHIN  THE  LINCOLN  STUDY  AREA 


Distance  from 
Lincoln  (Miles) 

CTL  Acreage  per 
Cover  Typea 

Residue  Production 
Per  Cover  Type 
(Tons  Acre-' )b 

Potential  Residue 
Production  Per 
Cover  Type  (Tons) 

Average  Annual 
Production  Per 
Cover  Type  (Tons) 

0-25 

LPP: 

88,546 

40.7 

3,603,822 

34,056 

Df. 

64,397 

28.7 

1 ,848,194 

15,525 

0. 

8,050 

30.5 

245,525 

1,805 

E 

160,993 

E 5,697,541  E 

51,386 

25-50 

LPP: 

258,509 

40.7 

10,521,316 

99,427 

Df. 

188,006 

28.7 

5,395,772 

45,325 

0. 

23,501 

30.5 

716,780 

5,268 

E 

470,016 

E 16,633,868  E 

150,020 

Notes : 


a)  Assumes  harvest-by-cover-type  ratio  of  0.55  lodgepole  pine  (LPP);  0.40  Douglas  fir  (Df);  0.05  "other" 

species  (0).  Also  presumes  60  percent  availability  of  CT  lands  for  actual  harvest  over  the  25-years 
duration  of  FGE  production. 


b)  Assumes  down-dead  biomass  values  (tons  per  acre)  as  follows:  LPP,  18.4;  Df  15.0;  0 15.9  (Brown  and  See 
1981,  p.  6).  Presumes  green  and  standing-dead  residue  values  (following  timber  harvest,  in  tons  per  acre ) 
as  follows:  LPP,  44.2;  Df  29.1;  0 31.0  tons  per  acre.*  However,  presume  that  of  these  totals  only  c5 
percent  of  the  residues  are  technically  and  economically  feasible  to  harvest  and  transport,  plus  allow  for  the 
maintenance  of  other  resource  values. 


c)  Assumes  uiac  i.uo  percent  ui  uie  total  acreage  (per  cover  type)  is  harvested  per  year,  and  cos  following 
clearcut:  partial  cut  ratios  occur  per  cover  type:  LPP  75:25;  Df  50:50;  0 25:75.  Partial  cutting  removes 
oU  percent  of  the  total  biomass  present  in  the  first  cutting,  and  removes  the  remainder  during  the  second 
cutting. 


* (Benson  and  Schlieter,  1980,  p.  3;  Gage,  1978,  p.  216.) 
and  0 46.9  tons  per  acre. 


These  values  sum  respectively  to  LPP  62.6;  Df  44.1; 


(J 


• L 


1.3.2  Livingston  Study  Area 


1.3. 2.1  General  Characteristics  of  the  Forest/Res'due  Resource  Base 


Initially,  it  was  decided  that  CTLs  present  within  50  miles  of  Livingston 
could  be  grouped  into  four  forest  cover  types.  The  predcrinant  species- 
associations  and  estimated  (relative)  proportions  are  as  fo  lows:  1)  pon- 

derosa  pine/juniper  "dry"  sites,  0.10;  2)  Douglas  r* i r-1  odgepol  » pine  cool/dry 
sites,  0.70;  3)  Englemann  spruce-subal pine  fir-: cdgspole  pine  cool/moist 
sites,  0.15;  and  4)  "bottomland"  plus  "subalpine"  sites  {1,0,,  white  bark  and 
limber  pines),  0.05.  Furthermore,  the  species  harvest  distribution  (on  a 
species  by  acre  basis)  was  assumed  to  be  48,  27,  and  25  perc  ent  for  Douglas 
fir,  lodgepole  pine  and  "other"  species,  respectively. 


The  above  estimates  utilized  the  literature  cited  in  subsection  2. 2.2,2,  and 
the  Resource  Management  Plan  for  the  Billings  Rc ..  ~ .c  -a  LcDi,  3LM,  1983; 

Climax  Vegetation  Map).  Personal  contacts  incle  " iwing  personnel 

from  the  Gallatin  National  Forest:  Mr.  Mike  Shaw  ( '■  .•  28  -S?'’-,  Mr,  Phil 

Cowan  (February  25,  1983),  Mr.  Randy  Gay  (March  10,  1988),  and  Mr.  Sam  Gilbert 
(April  25,  1983). 


€ 

O 


Following  from  discussions  with  the  above  individuals,  a representative  stand 
of  commercial  timber  was  determined  to  have  the  characteristics  given  below: 
• A mul ti -speci es  (composite)  average  saw  timber  diameter  at  breast 
height  (dbh)  of  10  to  11  inches,  with  overall  variations  commonly  in 
the  7 to  13-inch  dbh  range; 
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• Stems  per  acre  of  growing  stock  ranging  from  2EG  to  350,  with  total 
trees  per  acre  ranging  from  150  to  650; 

• Production  of  merchantable  biomass  va.  from  5 .,.000  to  25,000  board 
feet,  but  averaging  closer  to  10,000  bdft.  "or  s:-w  ;1rber  stands,  the 
equivalent  cubic  feet  volume  averages  4,000  to  4,-;0 0,  with  an  overall 
range  of  1,400  to  7,000  cf  acre”1;  and 

• An  average  harvest  volume  defect  (estimated  error)  of  10  percent. 

In  regard  to  commercial  timber  harvest  practices.,  it  was  assumed  that: 

• At  present,  most  of  the  logging  done  on  CTL  lands  occurs  on  25  to  35 
percent  slopes;  however,  as  about  60  percent  of  the  suitable  CTLs  occur 
on  slopes  of  40  or  more  percent,  the  average  slope  will  increase  (e.g., 
to  40  to  45  percent)  over  the  FGE's  operating  lifetime, 

• Ground  skidding  usually  is  done  with  medium-weight  tracked  or  rubber- 
tired  vehicles; 

• Yarding  distances  commonly  vary  from  800  to  900  ft;  ant 

• Forest-wide,  multi-species  scaling  defects  average  from  5 to  7 percent. 

Two  additional  assumptions  were  made  on  the  basis  of  the  at ove  information 
on  slope  characteristics: 

• At  present,  most  timber  harvest  is  done  by  hand-fading,  although 
mechanical  methods  are  used  occasional ly.  On  slopes  greater  than  40 
percent,  cable  ground  logging  methods  are  practiced,  which  will  become 
more  prominent  in  the  future;  and 

® Flat  landings  of  about  75  x 150  feet  are  probably  uncommon  within  the 
potential  harvest  area,  so  the  chipping  of  residues  '/ill  occur  most 
likely  at  the  FGE  plant  site. 
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Table  1-12  summarizes  the  representative  number  . , ■ and  equivalent 

biomass  estimates  by  harvest  component  for  mature  status  of  chi.  various  forest 
cover  types  present  within  the  study  area.  The  vgmv.s  and  piece  estimates 
were  derived  in  the  same  manner  as  done  for  the  Lincoln  s te.  The  table 
indicates  that  an  acre  of  representati ve  CTL  land  contains  at  out  5,351  cubic 
feet  (cf)  of  harvestable  biomass.  Although  this  v'lume  w 11  result  from 
close  fiber  utilization  practices,  two  concerns  rn  • . be  re  re  anized  prior  to 
harvesting  it.  Firstly,  cost-effectiveness  of  residue  gat  sering  requires 
concurrent  harvest  along  with  the  saw  timber,  poles,  po.cr.  y c,  Secondly,  a 
certain  portion  of  the  harvest  residue  must  remain  on-si.  : as  to  maintain/ 

enhance  other  resource  values  such  as  soil  or  wildlife  rabies  r 

Additional  timber  and  residue  haulage  assumptions  ;s  . in  th<-  harvest/trans- 
port cost  estimations  were  as  follows: 

• The  merchantable  trunks  are  cut  into  24-ft.  s actions,  each  having  an 
average  gross  merchantable  volume  of  9.8  cf  (Tabic  1-2'.}; 

• The  usable  residues  range  from  seven  to  32  ft.  long,  ; verage  17.5  ft. 
(see  Table  3 in  Benson  and  Schlieter,  1980),  and  possess  a gross 
volume  of  5,351  cf  per  acre  or  an  average  per  pi  ace  volume  of  6.7  cf 
(Table  1-12); 

• On-highway  log  trucks  having  a maximum  capacity  cf  10*0  cf  and  a load 
limit  of  52,000  lbs  is  used  to  haul  the  timber/woed  fiber;  while 

• Capacity  is  reduced  to  30,000  lbs  for  pieces  smaller  than  10  cf  due 
to  "the  difficulty  of  loading  many  small  pieces  on  a truck"  (Withycombe, 
1980,  p.  A-6) . 
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TABLE  1-12.— SUMMARY  OF  NUMBER  OF  PIECES  AND  EQUIVALENT  BI0M/3S  ESTIMATES 
FEASIBLY  HARVESTED  PER  ACRE  FORA  MATURE,  COMPOSITE,  TIMBER  STAND 
PRESENT  WITHIN  50  MILES  OF  LIVINGSTON,  MONTANA 


Component 

Number  of  Pieces 

I'-.n  Waisnt  Biomass 
;f  car  acre) 

Green  Trees 
Merchantable  Logs3 

280 

2,744 

Cul  lb 

28 

274 

Taps/Branches/Fol i agec 

280 

1 ,820 

Small  Stemsd 

75 

26 

Subtotal 

663 

4,864 

Standing  Deade 

65 

312 

Down  Deadf 

70 

175 

Grand  Total 

798 

5,351 

Notes: 

a)  Assumes  an  average  saw  timber  dbh  of  10  inches,  an  average  merchantable 
tree  length  of  24  ft.,  and  an  average  total  tree  height  o;'  32  ft;  also 
assumes  an  average  volume  of  9.8  cf  per  merchantable  sect. on  and  about 
16.3  cf  for  "full  tree"  volume. 

b)  Assumes  harvest  volume  defect  of  10  percent  and  a 9:1  ratio  between 
mechantable  pieces  and  cull  pieces. 

c)  From  note  a),  assume  (16.3-9.8  =)  6.5  cf  per  top/branches /foliage  unit. 

d)  Assumes  average  dbh  and  tip  diameters  of  2.5,  0.1  inches  ’especti vely  and 
average  (total)  height  of  10  ft;  volume  calculated  using  :>mal  ian's  Rule 
(Withycombe,  1980,  Table  10),  resulting  in  an  average  vol  ime  of  0.34  cf 
(including  stem  and  foliage). 

e)  Extrapolated  from  Tables  3 and  4 in  Benson  and  Schlieter.  1980.  Assumes 
lengths  ranging  from  7 to  32  ft.,  dbh  > 2.5  inches  and  ar  average  volume 
of  4.8  cf;  this  volume  does  not  include  crumbly  rot. 

f)  Piece  number  extrapolated  from  Table  3 in  Benson  and  Schlieter,  1980. 
Assumes  lengths  > 7 ft.  and  an  average  volume  of  2.5  cf. 
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In  order  to  evaluate  potential  road  quality  between  any  giver  timber  harvest 
area  and  the  FGE  facility  site,  the  BLM  ownership/CTL  (base)  map  was  inspected, 
along  with  the  pertinent  250,000-scale  AMS  quandrangle  she^v  From  this  in- 
spection, the  following  road  types  and  proportionate  aval' i_flity  in  the 
facility  area  were  derived: 

• Primary  highways  with  excellent  alignment  and  a slop  range  of  + 6 
percent,  present  on  35%  of  the  area; 

• Double-lane  secondary  roads  having  a mixture  of  pav( i and  graveled 
surfaces  and  a slope  range  of  _+  8 percent,  present  on  00%  of  the  area; 

• Single-lane  graveled  roads  with  ditches,  fair  to  poor  alignment,  and 
a slope  range  of  _+  8 percent,  present  on  20%  of  the  area;  and 

• Single-lane  dirt  roads  without  ditches,  fair  alignment,  and  a slope 
range  of  8 percent,  present  on  15%  of  the  area. 

1.3. 2. 2 Determination  of  the  Economically  Feasible  Residue  Harvest  and 
Transport  Radius 

The  first  approach  towards  estimating  the  economically  feasible  haul  distance 
used  the  USDA  Northern  Rocky  Mountain  Zone  average  timber  appraisal  cost 
model,  as  adjusted  for  the  assumed  variability  in  harvest  site  conditions 
(USDA,  National  Forest  Service,  1977).  The  results  indicate  a 1983  felling/ 
limbing  cost  of  $36.15  per  thousand  board  feet  (MBF),  rege.  'dless  of  tree 
species  harvested.  Furthermore,  the  1983  skidding  cost  was  calculated  to  be 
$47.88  per  MBF.  The  mechanics  of  these  calculations  are  summarized  in  Table 
1-13.  As  discussed  previously,  the  costs  of  processing  logging  residues 
would  be  at  least  as  expensive  as  those  incurred  for  saw  timber  operations. 
The  two  cost  estimates  above  probably  represent  the  maximum  likely  costs  for 
saw  timber,  and  may  be  more  applicable  to  logging  residues.  The  USDA  Zone 
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TABLE  1-13.— RATIONALE  FOR  APPRAISAL  OF  FELLING/LIMBING  AND  KIDDING  COSTS 
VIA  USE  OF  THE  USDA  FOREST  MANUAL  (IN  1983  DOLLAR  ! . 

for  the  Livingston  site  area 


FELLING/LIMBING  COSTS3 


Component 


Percent  Adjustment  Fac  or 


Average  dbh  = 10  inches  + 28.0 
Stem  density  = 373  acre"^  - 2.0 
Percent  slope  = 35-40  + 5.0 
Merchantable  tree  defect  =10%  - 8.0 


TOTAL  ADJUSTMENT  + 23.0 


Zone  average  (excluding  rent,  lease  and  depreciation)  = $24.25 
Rent,  lease  and  depreciation  = $6.32 

Appraisal  Cost  Estimate:  ($24.25  x 1.230)  + $6.32  = $36.15  MBF'1 
SKIDDING  COSTS*5 


Component  Percent  Adjustment  Factor 

Net  volume  acre-1  = 8922  MBFC  - 3.0 
Average  no.  logs  per  gross  MBF-^  = 27d  - 1.0 
Skidding  distance  = 850  ft.  + 3.3 
Scaling  defect  =6%  - 4.0 


TOTAL  ADJUSTMENT  - 4.7 

Zone  average  (excluding  rent,  lease  and  depreciation)  = $42.71 
Rent,  lease  and  depreciation  = $7.18 

Appraisal  cost  estimate:  ($42.71  x 0.953)  + $7.18  = $47.88 

Motes : 

a)  Taken  from  pp.  2422.41  —2  and  2422.41  —4  in  Forest  Manual,  SM  6/81  R-l 
Supp  276. 


b)  Taken  from  pp.  2422.41—2  and  2422.41 --6  in  Forest  Manual,  FSM  6/81  R-l 
Supp  276. 

c)  From  Table  3-12,  the  total  merchantable  log  volume  plus  standing  dead  volume 
equals  3056  cf;  assume  average  ratio  of  3.3  bd  ft.  per  cf,  thus  equivalent 
to  10,085  MBF  gross  volume;  the  net  volume  is  calculated  using  a harvest 
volume  defect  of  10  percent  for  merchantable  logs  and  25  pe  cent  for  standing 
dead  material. 

d)  Calculated  by  dividing  gross  MBF  volume  per  acre  by  merchantable  stems  per 
acre,  i.e.,  10,085*  373=  27  stems  per  MBF. 
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average-derived  appraisal  costs  (for  saw  timber  and  poles)  tend  to  be  greater 
than  costs  actually  observed  within  the  specific  study  area  (MultiTech,  1982, 
p.  4-10).  Data  pertaining  to  cost  estimations  for  loading/unloading  and 
transportation  of  saw  timber  are  given  in  Table  1-14;  this  information  was 
combined  with  data  from  the  previous  table  to  estimate  economically  feasible 
haul  distance.  Table  1-15  shows  in  detail  how  an  estimated  one-way  economic 
haul  distance  of  84.5  miles  was  derived. 

The  84.5-mile  estimate  is  highly  optimistic,  for  the  same  reasons  as  discussed 
for  Lincoln.  In  essence,  the  maximum  likely  haul  distance  for  unchipped 
residues  appears  to  be  in  the  40-to-50  mile  range.  The  84.5-mile  estimate 
demonstrates  that  saw  timber  can  be  hauled  economically  approximately  twice 
that  distance,  within  the  Livingston  area. 

The  R.  Withycombe  (1980)  cost  appraisal  model  was  used  in  the  second  approach 
for  estimating  the  feasible  haul  distance.  Information  necessary  for  the  use 
of  this  model  is  summarized  in  Table  1-16.  The  results,  shown  in  Table  1-17, 
indicate  saw  timber  and  harvest  residue  can  economically  be  hauled  approxi- 
mately 42.6  and  10.8  miles,  respectively.  These  results  assume  break-even 
economics  for  both  logger  and  plant  operator  (i.e.,  no  profit-taking),  and 
no  external  subsidizing  of  incurred  costs.  Finally,  it  should  be  recalled 
that  the  above  haul  distance  estimates  assume  tractor  skidding  methods  of 
f i ber  yardi ng.  Dr.  Withycombe  concluded  that  "the  very  high  cost  of  cable 
yarding  at  average  piece  sizes  of  less  than  15  or  20  cubic  feet  (0.4  or 
0.6  m3)  precludes  cable  yarding  as  a reasonable  alternative"  (1980,  p.  A-6). 
Logging  operations  using  the  cable  yarding  method  will  become  more  common  as 
time  progresses.  Table  1-18  presents  the  rationale  for  concluding  that  cable 
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TABLE  1-14.— RATIONALE  FOR  APPRAISING  TIMBER  LOADING  AND  HAULAGE  COSTS 
VIA  USE  OF  THE  USDA  FOREST  MANUAL  APPROACH 


Component 

Gross  volume  (green  tons)3 
Loading  Time  (minutes)*3 

Road  Quality— see  discussion  in  text 


Averaged  Speed  (mph)c  11.7 

Transport  Costs 

Fixed  daily  costsd  $ 70.49 

Labor  per  daye  $208.23 

Unloading  time  (minutes)1"  54 


Value  Utilized 
21 .5 
70 


Notes : 

a)  Presumably  the  maximum  volume  capable  of  being  hauled,  given  the  small 
lengths  and  volume-per-piece  characteristics  of  the  materials,  (see  p.  3-7) 

b)  Extrapolated  from  Table  2,  p.  2422.41—21  in  the  USDA  Forest  Manual  (1977); 
the  weighted  value  derived  from  this  table  was  multiplied  by  1.5  to 
adjust  for  added  difficulty  in  loading  these  materials. 

c)  Extrapolated  from  Table  3,  p.  2422.41-23  in  the  USDA  Forest  Manual  (1977); 

the  weighted  average  mph  was  calculated  as  follows:  (15.87  x 0.35)  + 

(10.43  x 0.30)  + 8.62  x 0.20)  + (8.68  x 0.15)=  11.7  mph. 

d)  Calculated  from  p . 2422. 41 — 18  in  the  USDA  Forest  Manual  (1  977)  = 

$17,271  t 245  = $70.49  per  operating  day. 

e)  Calculated  from  p.  2422.41  — 18  in  the  USDA  Forest  Manual  (1  977),  but 
using  a 10-hour  work  day  = $249.87  x 10/12  = $208.23  day"1. 

f)  Author's  observations/impressions  gained  while  serving  as  an  employee 
for  the  Flathead  National  Forest  Service,  summers  of  1971-1976. 
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TABLE  1-15.— SUMMARY  CALCULATIONS  FOR  ESTIMATING  THE  ECONOMICALLY 
FEASIBLE  HAUL  DISTANCE,  USING  THE  USDA  FOREST  MANUAL  MODEL  (IN  1983  DOLLARS) 


CRITICAL  ASSUMPTION:  The  FGE  facility  must  be  able  to  pay  up  to  $43.60 

green  ton-1,  thus  remaining  competitive  with  the 
anticipated  pulpwood/fiber  product  markets  (and 
possibly  with  the  house  log  market— see  Keegan,  1982). 

APPROACH: 

1.  Assume  in-plant  chipping  and  associated  handling  costs  of  $3.82  green  top"1 
(see  Table  4-9  in  MultiTech,  1982;  adjusted  to  1983  dollars  via 

use  of  a 9 percent  inflation  of  the  original  1981  value). 

2.  Ceiling  price  per  load:  21.5  green  tons  load-1  x $43.60  green  ton"1  = 

$937.40  load"1. 

3.  Conversion  of  MBF  to  green  tons:  $84.03  MBF"1  x 1 MBF/1000  BF  x (10  lbs/BF)"1 

x 2000  lbs.  ton"1,  equivalent  to  $16.81  green  ton"1.  The  lbs.  per  bd.  ft. 
conversion  was  taken  from  Table  II  in  Withycombe,  1980. 


4.  Expression  for  calculating  the  economically  feasible  haulage  radius: 

distance  (in  miles) 

a)  $937.40  = $361.42  + (2.067  hrs.  x $20.82  hr."1!  + 11.7  mph 

$20.82  hr."1  + distance  (miles)  x $0,888  mile"1]  + $82.13  (for 
chipping,  load-1); 

The  weighted  cost  mile-1  factor,  contained  within  the  brackets, 
utilized  the  Forest  Manual 's  cost  mile"1  values  of  0.5224  and 
1.5674  for  paved  and  unpaved  roads,  respectively  (Forest  Manual, 

1 977,  p.  2422.41  —18).  The  mechanics  of  calculating  tne  above 
factor  are  as  follows: 


[highway  driving  proportion,  0.35  + double-lane  driving  proportion, 
0.30]  x $0.5224  mile"1  + [single-lane  gravel  road  driving  proportion, 
0.20  + single-lane  dirt  road  driving  proportion,  0.15]  x $1.5674 
mile"1  = $0.8881  mile"1  = $0,888  mile"1. 

b)  $937.40  - $361.42  - $43.03  - $82.13  = ($1,780  mile"1  + $0,888  mile-1) 
= $2,668  mile"1  traveled. 


c) 


Thus,  by  dividing  the  residual  price  per  load  by  the  travel  cost 
per  mile,  the  total  miles  allowed  for  travel  (and  still  break  even 
on  costs)  can  be  calculated.  The  results  of  this  calculation  are 


shown  below. 

"Haulage  allowance"  (in  miles)  = 
round  trip. 


$450.82 
$2,668  mile-1 


169.0  miles 
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TABLE  1-16.— SUMMARY  OF  DATA  NEEDS  FOR  INPUT  INTO  THE  R.  WITHYCOMBE 
COST  ESTIMATE  MODEL  (EXPRESSED  AS  1983  DOLLARS  PER  GREEN  TON). 


Component 

Hand  felling  and  limbing  costs 
Grapple  skidding  costs0 
Loading/hauling  costs*7 
Unloading  Costs9 


Fiber  Type 


Saw  Timber3 

4.73 

4.21  to  6.1 8d 

6.74 
3.46 

l $19.14  to  $21 .11 


Logging  Residues^ 
49.18 

4.21  to  1 9.79e 
11.48 

6.84 

$71.71  to  $87.29 


Notes : 

a)  Assumes  an  average  saw  timber  dbh  of  11.5  inches.  Cost  estimates  are 
extrapolated  from  Table  1 in  R.  Withycombe,  1980. 

b)  Assumes  an  average  dbh  of  4.5  inches.  Cost  estimates  are  extrapolated 
from  Table  1 in  R.  Withycombe,  1980. 

c)  Assumes  an  average  grapple  skidding  distance  of  850  ft.,  average  saw 
timber  volume  of  9.8  cf  per  24  foot  section,  and  an  average  residue 
volume  of  1.5  cf  per  18  foot  section.  Cost  estimates  are  extrapolated 
from  Table  3 in  R.  Withycombe,  1980. 

d)  The  lower  cost  follows  from  the  optimistic  assumption  that  each  load 
will  have  a volume  of  150  cf;  the  higher  cost  follows  from  the  more 
conservative  assumption  that  only  10  stems  can  be  carried  per  load, 
totalling  98  cf  volume. 

e)  The  lower  cost  follows  from  an  optimistic  assumption  that  each  load  will 
have  a volume  of  150  cf;  the  higher  cost  follows  from  the  more  conser- 
vative assumption  that  only  20  stems  can  be  carried  per  load,  totalling 
30  cf  volume. 

f)  Assumes  an  average  (one-way)  haul  distance  of  25  miles  and  road  condi- 
tions similar  to  those  utilized  in  the  Forest  Manual  cost  appraisals. 
Cost  estimates  are  extrapolated  from  Table  b in  R.  Withycombe,  1980, 
using  the  average  volume  per  piece  estimates  contained  in  Note  c,  above. 

g)  Assumes  same  saw  timber  and  residue  dbh  averages  as  given  in  Note  c, 
above.  Cost  estimates  extrapolated  from  Table  8 in  R.  Withycombe,  1980. 
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TABLE  1-17.— SUMMARY  CALCULATIONS-  FOR  ESTIMATING  THE  ECONOMICALLY  FEASIBLE 
HAUL  DISTANCE  USING  THE  WITHYCOMBE  MODEL  (IN  1983  DOLLARS). 


CRITICAL  ASSUMPTION:  The  same  as  given  in  Table  1-15  (i.e.,  a $43.60  green 

ton"^  ceiling  on  as-received  residue  feedstock).3 4 

APPROACH: 

1.  Assume  in-plant  chipping  and  handling  costs  of  $3.82  per  green  ton  (see 
Table  1-13). 

2.  Assume  ceiling  price  per  21.5  ton  shipment  of  $937.40  (see  Table  1-15). 

3.  Assumed  resource  costs  per  green  ton:  a)  an  average  saw  timber  cost  of 

$20.12,  and  b)  an  average  residue  cost  of  $79.50  (taken  from  Table  1-14). 

4.  Input  pertinent  values  into  the  same  equation  form  as  presented  in  Table 

1-15.  The  estimate  for  total  haulage  distances  judged  to  be  economically 
feasible  are  as  follows:  a)  for  saw  timber,  85.2  miles  (i.e.,~  42.6 

miles  radius)  and  b)  for  residues,  21.6  miles  (i.e.,~  10.8  miles  radius). 


Note: 

a)  The  following  additional  assumptions  were  utilized  in  the  calculations: 

1)  an  average  speed  of  11.7  mph  and  a tractor/trailer  operating  cost  of 
$0,888  mile"" ; 

2)  loading/unloading  times  totaled  to  2.067  hours;  and 

3)  a $37.12  hour"1 2  cost  for  the  log  truck  and  driver  (extrapolated  from 
p.  A-7  in  Withycombe,  1980  and  adjusted  to  1983  dollars). 
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TABLE  1-18.— SUMMARY  CALCULATIONS  FOR  ESTIMATING  ECONOMICALLY  FEASIBLE 
HAULAGE  DISTANCES,  PRESUMING  A CABLE-YARDING  SYSTEM  (IN  1983  DOLLARS) 


CRITICAL  ASSUMPTION:  The  same  as  given  in  Table  1-13  (i.e.,  $43.60  green  ton"1 

ceiling  on  as-received  residue  feedstock). 

APPROACH: 

1.  Assume  in-plant  chipping  and  handling  costs  of  $3.82  per  green  ton  (see 
Table  1-15). 

2.  Assume  ceiling  price  per  21.5  ton  shipment  of  $937.40  (see  Table  1-15). 

3.  Assume  an  average  cable  yarding  distance  of  1000  ft.,  average  saw  timber 
volume  of  9.8  cf  per  24  ft.  section,  and  an  average  residue  volume  of 
1.5  cf  per  18  ft.  section.  Cost  estimates  are  extrapolated  from  Table  4 
in  R.  Withycombe,  1980,  The  respective  values  used  are  $27.34  green  ton-1 
and  $159.43  green  ton"*. 

4.  Assumes  hand  felling-limbing,  loading-hauling,  and  unloading  costs  per 
fiber  type  are  the  same  as  given  in  Table  1-16.  Thus,  total  cost  estimates 
per  fiber  type  are  $42.27  green  ton"*  saw  timber  and  $226.93  green  ton"' 
for  residues. 

5.  As  all  the  other  parameters  are  held  constant,  the  respective  radii  are 
calculated  as  follows: 

a)  for  saw  timber,  (20.1 2/42.27) (42.6) = 20.3  miles,  and 

b)  for  residues,  (79.50/226.93) (1 0.8) = 3.8  miles. 
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yarding  could  shrink  the  feasible  saw  timber  haul  distance  to  20.3  miles 
(holding  all  other  factors  the  same  as  in  Tables  1-16  and  1-17).  Furthermore, 
the  feasible  haul  distance  for  residues  could  decrease  to  about  3.8  miles. 
Although  there  is  a trend  towards  developing  small  cable  yarding  systems, 
"the  cost  reductions  are  unlikely  to  be  enough  to  make  cable  yarding  of  small 
residues  economically  feasible,"  (Withycombe,  1980,  p.  A-6). 

Overall,  the  economically  feasible  haul  distance  estimate  is  very  sensitive 
to  assumptions  made  pertaining  to  timber  and  wood  fiber  harvesting,  transport, 
and  in-plant  processing  costs.  Credible  estimates  of  the  economically  feas- 
ible haul  distance  for  wood  residues  ranges  from  under  4 miles  to  over  40 
miles.  As  the  Withycombe  model  is  better  designed  to  evaluate  wood  residue 
harvesting  costs  (than  is  the  Forest  Manual ) , the  arithmetic  average  of  these 
estimated  economic  haul  distance  represents  a moderate  figure  of  approximately 
22  miles.  This  is  not  to  say  that  the  use  of  the  Forest  Manual  approach  was 
an  academic  exercise;  the  harvest  of  commercial  saw  timber  within  80  or  so 
miles  from  Livingston  appears  to  be  economically  feasible.  However,  given 
the  magnitude  of  economic  investment  (risk)  involved  in  constructing  and 
operating  a large  (2  0.67  million  gallon  per  year)  FGE  facility,  and  given 
the  degree  of  accuracy  in  the  model's  parameters,  a residue  haul  distance 
approaching  40  miles  cannot  be  recommended  at  this  time. 

The  major  topographic  and  cultural  features  present  within  15  miles  of  the 
plant  site  are  shown  in  Figure  1-4. 
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1.3. 2. 3 Estimation  of  Magnitude  of  the  Residue  Feedstock  Base 

The  ownership  pattern  for  the  study  area  was  described  by  three  concentric 
circular  areas  extending  12.5,  25.0,  and  50.0  miles  from  the  Livingston 
townsite.  Such  divisions  allow  flexibility  in  assessing  the  magnitude  of  the 
residue  base,  given  the  uncertainties  inherent  in  the  economic  modelling 
processes,  (and  subsequent  results  of  such  activities).  The  estimated  CTL 
acreage  present  within  each  of  the  three  areas  is  shown  in  Table  1-19.  Two 
concerns  should  be  noted  in  using  these  data.  First,  the  CTL  information  was 
compiled  by  the  state  on  or  before  1977  from  various  sources;  although  such 
data  do  not  become  easily  outdated  (as  it  is  essentially  a biological  measure- 
ment repeatable  over  time),  the  accuracy  of  the  data  is  insufficient  for 
detailed  resource  analysis.  Second,  the  CTLs  include  areas  already  clearcut 
or  in  various  stages  of  managed  growth  (e.g.,  commercial  stand  thinning,  cull 
removal);  such  areas  may  not  be  available  for  residue  harvest. 

From  Table  1-19,  about  84,960  acres  of  CTL  lands  appear  to  be  accessible  to 
the  (potential)  FGE  facility.  If  residue  recovery  is  economically  feasible 
out  to  50  miles  from  Livingston,  then  the  total  acreage  increases  nearly 
3.5-fold  to  293,280  acres.  In  order  to  estimate  the  annual  range  in  residue 
production,  a number  of  assumptions  had  to  be  made: 

• Only  60  percent  of  the  total  CTL  lands  are  suitable  for  timber  harvest. 
The  remaining  acreage  is  presumably  unsuitable  for  one  or  several  of 

the  following  reasons:  1)  they  have  been  withdrawn  from  timber  use  by 

statute,  administrative  regulation,  or  by  design  in  approved  land 

use/resource  management  planning  schemes;  2)  they  are  no  more  than 
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TABLE  1-19^-COMMERCIAl  TIMBERLAND  OWNERSHIP  PATTERNS  AND  ESTIMATED  ACREAGES 
WITHIN  SELECTED  DISTANCES  FROM  LIVINGSTON,  MONTANA 


Ownership  Category 
Privately-Owned  Timberlands3 


0.0  - 12.50 


Distance  from  Livingston  (Miles) 
12.51  - 25.00 


25.01  - 50.0 


2,880 


12,000 


35,680 


U.  S.  Department  of  Agriculture 

Beaverhead  National  Forest  0 

Custer  National  Forest  0 

Gallatin  National  Forest  5,600 

Helena  National  Forest  0 

Lewis  and  Clark  National  Forest  0 


0 

0 

61 ,600 
0 
0 


5,280 

5,120 

133,920 

2,560 

24,960 


U.  S.  Department  of  Interior 
Bureau  of  Land  Management 


E 


2,880  0 800 
11,360  E 73,600  z 208,320 


Note: 

a)  Includes  industrial  timberlands  owned  by  Burlington  Northern  and  non-industrial  woodlots. 
Source:  BLM  land  ownership/CTL  base  map  on  file  at  MultiTech,  Inc.,  Butte,  Montana. 


c 
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marginally  suitable  due  to  excessive  development  costs,  lov/  product 
values  or  resource  protection  constraints;  or  3)  they  constitute  a 
portion  of  the  CTLs  not  organized  into  timber  production  units  managed 
under  sustained  yield  principles. 

© An  average  annual  timber  harvest  rate  of  1.05  percent  of  the  total 
acreage  (per  cover  type)  over  the  duration  of  the  FGE  facility  opera- 
tions. This  rate  probably  incorporates  differences  in  present  and 
future  timber  resource  use  strategies  made  by  the  various  ownership 
categories.  The  previous  results  for  the  Anaconda  FGE  study  (Multi- 
Tech,  1982)  were  used  as  guidance  and  are  largely  transferable  to  the 
Livingston  area. 

e A species  harvest  ratio  of  0.27:0.48:  0.25  respectively  for  those 
cover  types  dominated  by  lodgepole  pine,  Douglas  fir,  and  "other" 
species.  The  presumed  clearcut-to-partial  cut  ratios  for  these  three 
categories  are  50:50,  75:25,  and  25:75,  respectively.  Again,  the 

previous  resource  study  was  used  for  guidance,  as  it  appeared  to  be 
biologically  transferrable  (MultiTech,  1982). 

• Only  65  percent  of  the  total  residues  per  acre  will  be  harvested  due 
to  technical/economic  constraints,  and  allow  for  the  maintenance  of 
other  resource  values  such  as  vegetation  recovery  and  wildlife  habitat. 


€ 
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The  data  from  Table  1-19  and  the  above  assumptions  were  used  to  calculate  the 
average  annual  residue  base  potentially  available  to  the  FGE  operations.  It 
does  not  recognize  the  affects  of  competition  from  other  industrial  or  resi- 
dential users.  The  results,  shown  in  Table  1-20,  indicate  an  annual  residue 
production  of  12,413  green  tons  (@  55  percent  by  weight  moisture  content) 
within  25-miles  of  Livingston.  If  the  residues  produced  between  25  and  50 
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TABLE  1-20.— SUMMARY  OF  ESTIMATED  TOTAL  AND  AVERAGE  ANNUAL 
RESIDUE  PRODUCTION  IN  THE  LIVINGSTON  STUDY  AREA 


Distance 

ingston 

from 

(Miles) 

CTL  Acreage  per 
Cover  Type9 

Residue  Production 
Per  Cover  Type 
(Tons  Acre- 1 )b 

Potential  Residue 
Production  Per 
Cover  Type  (Tons) 

Average  Annus) 
Production  E..r 
Cover  Type  (Tort 

0-25 

LPP: 

13,764 

39.4 

542,302 

5,124 

Df. 

24,468 

24.4 

597,019 

5,014 

0. 

12,744 

21 .4 

272,722 

2,005 

Z 

50,976 

r 

L 

1,412,043  Z 

12,413 

25-50 

LPP: 

33,748 

39.4 

1 ,329,671 

12,566 

Df. 

59,996 

24.4 

1 ,463,902 

12,298 

0. 

31 ,248 

21 .4 

668,707 

4,914 

Z 

124,992 

Z 

3,462,280  Z 

29,778 

Notes : 

a)  Assumes  that  60  percent  availability  of  CT  lands  for  actual  harvest  over  the  25  year  duration  of  FGE 
production;  also  presumes  harvest-by-cover  type  ratios  of  0.27  lodgepole  pine  (LPP);  0.48  Douqlas  fir  (Df): 
and  0.25  "other"  species  (0). 

b)  Assumes  down-dead  biomass  values  (in  tons  acre-1)  as  follows:  LPP  17.8;  Df  12.8;  0 16.3  (Brown  and  See, 

1981,  p.  6).  Presumes  green  and  standing-dead  residue  values  (following  timber  harvest,  in  tons  acre-^ ) 
as  follows:  LPP  42.8;  Df  24.8;  0 16.7  (using  data  from  Table  3-9  and  Benson  and  Schlieter,  1980,  p.  3,  as 

adjusted  for  forests  on  east  side  of  the  continental  divide).  These  values  sum  respectively  to:  LPP  60.6; 

Df  37.6:  0 33.0  tons  per  acre.  However,  it  is  presumed  that  of  these  totals  only  65  percent  of  the  residue* 
are  technically  and  economically  harvestable  and  transportable,  plus  allow  for  maintenance  of  other  resource 
values. 

c)  Assumes  that  1.05  percent  of  the  total  acreage  (per  cover  type)  is  harvested  per  year,  and  the  following 
clearcut:partial  cut  ratios  per  cover  type:  LPP  75:25;  Df  50:50;  0 25:75.  Partial  cutting  removes  60 
percent  of  the  total  biomass  present  in  the  first  cutting,  and  removes  the  remainder  during  the  second 
cutting. 
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miles  of  town  are  economically  accessible,  then  another  29,773  tons  of  resi- 
dues could  be  available  for  FGE  production.  In  order  to  estimate  the  "worst- 
case"  feedstock  supply  case,  it  was  assumed  that  only  25  percent  of  the 
residues  produced  on  private  land  will  be  available  for  FGE  use,  while  65 
percent  produced  on  federal  lands  will  be  available.  Such  assumptions  reduce 
the  anticipated  annual  production  figures  to  7,199  tons  within  25  miles  of 
Livingstcn,  and  24,514  total  tons  within  50  miles. 

If  the  calculated  value  of  76  green  pounds  of  residue  feedstock  per  gallon 
FGE  produced  is  correct  (MultiTech,  1982,  p.  4-11),  then  annual  FGE  produc- 
tion will  vary  from  approximately  189,447  gallons  to  about  645,105  gallons. 
Given  the  uncertainties  inherent  in  the  resource  and  economic  analyses,  it  is 
recommended  that  the  lower  value  (above)  be  used  in  determining  the  optimum 
plant  capacity. 
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2.0  MILL  WASTE  AND  OTHER  FIBER  RESOURCE  INVENTORY  STUDY 


2.1  INTRODUCTION  AND  DEFINITIONS 

The  Milestone  2 Report  was  prepared  with  two  major  objectives  in  mind.  The 
first  of  these  was  the  estimation  of  economically  available  quantities  of 
mill  residues  present  within  a prescribed  distance  from  the  potential  FGE 
sites  at  Lincoln  and  Livingston.  The  second  objective  was  the  estimation  of 
secondary  sources  of  combustible  fiber  wastes  economically  available  for  each 
FGE  facility.  In  response  to  these  objectives,  the  Milestone  2 Report  des- 
cribed the  locations  and  physical  characteristics,  and  assessed  the  respective 
economic  viabilities  of  using  the  wastes  of  the  type  defined  in  FGE  produc- 
tion operations. 

The  residues  generated  by  the  primary  forest  industry  are  of  two  general 
types:  1)  those  resulting  from  "in-woods"  timber  management/harvest  activi- 
ties; and  2)  those  resulting  from  forest-products  primary  and  secondary 
manufacturing  processes.  The  former  category  was  addressed  in  the  Milestone 
1 Report  (MultiTech,  1983),  and  will  not  be  discussed  further  in  the  present 
report.  The  latter  category  arises  from  the  manufacturi ng  of  such  products 
as  dimension  lumber,  plywood,  and  wood  pulp.  The  various  mill  residues 
produced  by  such  manufacturing  activities  include. 

• Coarse,  chippable  residues  such  as  wood  slabs,  edges,  and  trimmings; 

• Cores  from  plywood  manufacture,  which  in  Montana  are  usually  cut  into 
lumber  (Keegan  and  White,  1979); 

• Fine  residues  composed  of  sawmill  planer  shavings  and  sawdust,  sawdust 
from  veneer  mills,  and  panel  trimmings  from  the  layup  mill; 
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• Bark  from  lumber  and  plywood  manufacturing; 

• Bark  from  pulp  and  paper  mills  that  debark  green  pulping  stock;  and 

• Fine  residues  generated  by  cabinet -making  and  other  mill  work. 

The  "secondary"  fiber  resources  present  at  municipal  dump/landfill  sites  and 
at  community  recycling  centers  may  provide  additional  feedstock  for  FGE  pro- 
duction (Cheremi sinoff  et  £l_. , 1 976).  These  potential  resources  are  defined 
in  the  following  paragraph. 

Considerable  amounts  of  wood  and  wood  fiber  products  are  discarded  daily  as 
municipal  solid  waste.  Paper  is  a major  component  of  this  refuse  and  possesses 
a great  salvage  potential.  At  present,  newsprint  is  selectively  collected, 
graded,  and  baled  at  the  various  recycling  centers  located  throughout  the  two 
study  regions.  Once  de-inked  via  mechanical  and/or  chemical  treatment (s ) , 
the  processed  paper  fiber  can  serve  as  a supplemental  feedstock  for  ethanol 
production.  If  economical,  the  feedstock  may  also  include  a mixture  of  old 
fiber  containers  and  non-waxed  boxboard,  old  wrapping  paper,  paper  bags, 
discarded  books  and  magazines.  Convenient  sources  for  such  wastes  include 
office  buildings,  large  retail  outlets,  warehouses,  and  transportation  ter- 
minals. Wood  waste  produced  by  local  construction  and  demolition/salvage 
activities  is  an  additional  potential  source  of  wood  fiber.  Cooperation  and 
coordination  of  groups  generating  such  wastes  could  result  in  a relatively 
homogeneous,  minimally  contaminated  (e.g.,  by  waxes,  dyes,  metal)  source  of 
secondary  fiber.  Properly  managed,  the  relatively  low  flow  rate  of  such 
materials  may  provide  a reliable  supplement  to  the  wood-waste  acquired  from 
forest  and  mill  activities. 
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2.2  METHODOLOGIES  UTILIZED 


2.2.1  Hill  Residue  Inventory 


The  site-specific  inventories  were  performed  with  two  objectives  in  mind. 
The  first  was  the  estimation  of  the  amount  of  coarse  and  fine  mill  residues 
produced  annually  by  sawmill,  post  and  pole,  and  secondary  manufacturing 
operations  within  50  miles  of  each  potential  FGE  site.  The  second  objective 
was  to  develop  an  estimate  of  how  much  residue  would  be  available  over  the 
long-term  for  FGE  production. 

The  rationale  for  designating  a 50-mile  haul  distance  is  two-fold.  First,  it 
did  not  exclude  any  major  source  of  residues  previously  uncommitted  (over  the 
long-term)  to  another  industrial  use(s),  particularly  those  associated  with 
the  Champion  International  operations  in  the  Missoula  area.  Therefore,  all 
commercially  attractive  sources  are  included.  The  FGE  feasibility  study 
performed  for  the  Anaconda  area  indicated  that  Champion  International  and 
Louisiana  Pacific  probably  use  at  least  90  percent  of  all  such  residues 
produced  within  200  miles  of  Missoula  (MultiTech,  1982,  pp.  4-30,  4-31). 
Although  hogfuel  may  be  in  surplus  until  approximately  1985,  the  above  "con- 
sumption radius"  estimate  still  appears  to  be  reasonable  (Mr.  Jack  Fisher, 
Manager  of  Champion  International's  Frenchtown  operations,  personal  communica- 
tion). It  is  suggested  that  residue  quantities  too  small  to  be  economically 
collected  and  transported  to  Missoula  would  serve  as  the  chief  sources  of 
mill  waste  feedstock  for  either  FGE  facility. 
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Secondly,  the  relatively  small  and  diffuse  quantities  of  uncommitted  residues 
will  be  transported  to  the  FGE  sites  by  truck.  D.  A.  Tillman  (1978,  p.  94) 
presents  guidelines  of  maximum  cost-effective  transportation  radii  (by  truck) 
that  vary  from  40-miles  for  unprocessed  softwood  (@~  45  percent-by-wei ght 
moisture)  to  90-miles  for  softwood  pellets  (@~  15  percent-by-weight  mois- 
ture). Based  upon  the  above  phone  conversation  with  Mr.  Fisher  and  economic 
data  on  softwood  pelletizing  costs  from  O'Grady  et_  al_.  (1980),  it  appears 
that  chips  can  be  hauled  at  approximately  half  the  cost  (per  ton-mile)  as  can 
pellets.  In  fact,  chips  can  be  hauled  up  to  200-miles  at  a cost  less  than 
haulage  of  pellets  over  one-way  distances  of  50-miles.  Therefore,  the  desig- 
nated 50-mile  radius  set  for  the  present  study  is  probably  optimistic,  given 
the  presumed  competition  and  economic  constraints  of  up-grading  the  residues 
prior  to  transport  to  the  particular  FGE  facility. 

A state-wide  directory  of  forest  product  industries  served  as  the  primary 
source  of  information  on  contacting  operators  within  both  study  areas, 
(Montana  Department  of  State  Lands,  1983).  The  operators  were  interviewed  by 
phone,  thus  acquiring  data  satisfying  the  above  objectives.  Tnis  information 
was  supplemented  with  a literature  review  and  data  gleaned  from  previous 
contacts  with  federal  and  Montana  State  forestry  personnel. 

Site-specific  methodologies  are  presented  in  the  following  subsections.  The 
mill  residue  inventory  results  are  presented  in  subsection  2. 3. 1.1  for  the 
Lincoln  site  and  in  subsection  2. 3. 2.1  for  the  Livingston  site. 
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2. 2. 1.1  Lincoln  Study  Area 


Sawmills,  post  and  pole  mills,  and  secondary  manufacturing  operations  within 
50  miles  of  Lincoln  were  determined  in  the  state-wide  directory.  Local 
telephone  directories  and  operator  assistance  were  used  occasionally  to 
supplement  the  state  directory's  information.  The  sawmill  and  post  and  pole 
operators  contacted  are  presented  in  Table  2-1,  while  the  secondary  manu- 
facturers contacted  are  shown  in  Table  2-2.  The  state  wood  products  directory 
listed  a number  of  firms  in  the  study  area  that  could  not  be  reached  by  phone 
despite  repeated  attempts  over  a number  of  weeks.  Given  the  recent  publica- 
tion date  (1983)  of  the  directory,  the  unaccessible  firms  probably  are  still 
in  business,  but  on  an  intermittent  basis. 

2. 2. 1.2  Livingston  Study  Area 

The  sawmill  and  post  and  pole  operators  contacted  are  presented  in  Table  2-3; 
the  secondary  manufacturers  contacted  are  shown  in  Table  2-4.  As  was  the 
case  for  Lincoln,  a number  of  the  operations  listed  in  the  state  directory 
could  not  be  contacted  by  phone.  Many  of  these  unaccessible  listings  probably 
are  intermittent  operations.  However,  at  least  one  of  the  sawmills,  Burkland 
Studs,  Inc.,  has  gone  out-of-business  since  publication  of  the  directory. 
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TABLE  2-1.— SUMMARY  OF  SAWMILL  AND  POST  AND  POLE  OPERATORS  CONTACTED 
WITHIN  50  MILES  OF  LINCOLN,  MONTANA3 


SAWMILLS 

County 

Fi  rm 

Size 

Class*3 

Personal  Contact/ 
Phone  Number 

Granite 

Granite  Timber  Treating 
Porter's  Corner 
Philipsburg,  MT  59858 

A 

Mr.  Mark  Metesh 
859-3391 

Hall /Alt  Lumber  Company 
Box  38 

Hall,  MT  59837 

B 

Mr.  Jay  Krieg 
2 88-3289 

Lewis  and  Clark 

Bouma  Post  Yard 
Box  108 

Lincoln,  MT  59639 

N/A 

(-  350,000  pieces  year~l) 

Mr.  Louie  Bouma 
362-4222  (Lincoln) 
Mr.  Harry  Bouma 
466-2140  (Choteau) 

Champion  Building  Products 
Box  854 

Helena,  MT  59601 

E 

Mr.  Oscar  Olson 
442-8636 

Gean  Debree 
Birdseye  Road 
Helena,  MT  59601 

A 

Mr.  Gean  Debree 
442-8879 

Notes: 


a) 

b) 


(Montan*  Department  of 


Information  taken  from  the  1983  Directory  of  Montana's  Forest  Products  Industry 
State  Lands,  Foresty  Division,  Missoula,  1983)“  ~ 

The  following  size  class  codes  are  pertinent  to  the  above  mills:  A = less  than  3,000  MBF  (thousand  board 

per  year;  B = 3,000  to  5,000  MBF  yH;  C - 5,000  to  10,000  MBF  yr'l;  and  D - 10,000  to  25,000  MBF  yr-“ 


feet) 


C 


o e 


c 


TABLE  2-1.— SUMMARY  OF  SAWMILL  AND  POST  AND  POLE  OPERATORS  CONTACTED 
WITHIN  50  MILES  OF  LINCOLN,  MONTANAa  (Continued) 


A.  SAWMILLS  (Contd) 
County 

Lewis  and  Clark 
(Contd) 


PO 


Fi  rm 


Martin  R.  Drivdahl 
5547  Birdseye  Road 
Helena,  MT  59601 

Morris  Lumber  Co. 

4540  Birdseye  Road 
Helena,  MT  59601 

R and  R Lumber 
Lincoln,  MT  59648 

Warren  Wood  Sawmill 
Box  A 

East  Helena,  MT  59635 

Woodhurst  Lumber 
General  Delivery 
Lincoln,  MT  59639 


Size 

Classb 

A 


A 


A 

A 


A 


Personal  Contact/ 
Phone  Number 


Mr.  Martin  Drivdahl 
442-2783 


Mr.  Bud  Morris 
443-3300 


Mr.  Allen  Routzhan 
362-4270 

Mr.  Warren  Wood 
227-6785 


Mr.  Jim  Ray 
362-4654 


Notes : 

a)  Information  taken  from  the  1 983  Pi  rectory  of  Montana 's  Forest  Products  Industry.  (Montana  Department  of 
State  Lands,  Foresty  Division,  Missoula,  1983). 

b)  The  following  size  class  codes  are  pertinent  to  the  above  mills:  A = less  than  3,000  MBF  (thousand  board  feet) 
per  year;  B = 3,000  to  5,000  MBF  yr"1 ; C = 5,000  to  10,000  MBF  yr"1 ; and  D = 10,000  to  25,000  MBF  yr"1. 


TABLE  2-1.— SUMMARY  OF  SAWMILL  AND  POST  AND  POLE  OPERATORS  CONTACTED 
WITHIN  50  MILES  OF  LINCOLN,  MONTANA3  (Continued) 


A.  SAWMILLS  (Contd) 


County 

Fi  rm 

Size 

Class*5 

Personal  Contact/ 
Phone  Number 

Missoula 

Jerry  Monte! i us 
P.0.  Box  11 
Clinton,  MT  59825 

A 

Mr.  Jerry  Montel iu 
825-6701 

Pyramid  Mountain  Lumber  Co. 
Box  20 

Seeley  Lake,  MT  59836 

D 

Mr.  Doug  Mode 
677-2201 

Dave  Sheets 
P.0.  Box  119 
Clinton,  MT  59825 

A 

Mr.  Dave  Sheets 

825-6811 

Mr.  John  Sheets 

825-4163 

Powe 1 1 

Joe  Applegate 

100  Boulder  Road 

Deer  Lodge,  MT  59772 

A 

Mr.  Joe  Applegate 
846-2560 

Laurence  Beck 
North  of  Deer  Lodge 
Deer  Lodge,  MT  59713 

A 

Mr.  Laurence  Beck 
846-2402 

Notes : 


(Montana  Department  of 


a)  Information  taken  from  the  1983  Directory  of  Montana's  Forest  Products  Industry. 

State  Lands,  Foresty  Division,  Missoula,  1 983).  

b)  The  following  size  class  codes  are  pertinent  to  the  above  mills:  A « less  than  3,000  MBF  (thousand  board  feet) 
per  year;  B = 3,000  to  5,000  MBF  yr~  ; C = 5,000  to  10,000  MBF  yr~l ; and  D = 10,000  to  25,000  MBF  yr“l. 


Q it 


c 


c 


c 


o 


c 


c 


TABLE  2-1.— SUMMARY  OP  SAWMILL  AND  POST  AND  POLE  OPERATORS  CONTACTED 
WITHIN  50  MILES  OF  LINCOLN,  MONTANA6  (Continued) 


A.  SAWMILLS  (Contd) 
County 


Fi  rm 


Size 

Classb 


Personal  Contact/ 
Phone  Number 


Powell  Soren  Beck  A 

(Contd)  Avon,  MT  59713 


Mr.  Soren  Beck 
492-81 95 


Louisiana-Pacific  Corp.  E 

Kentucky  Avenue 

Deer  Lodge,  MT  59722 


Mr.  Dick  Rydeen 
846-1600 


B.  POST  AND  POLE  PROCESSORS 
County 


Fi  rm 


Process 

Typec 


Personal  Contact/ 
Phone  Number 


Granite  Granite  Timber  Treating  CS-NP;  P-0 

Porter's  Corner 
Philipsburg,  MT  59858 


Mr.  Mark  Metesh 
859-3633 


Notes : 

a)  Information  taken  from  the  1983  Pi  rectory  of  Montana ‘s  Forest  Products  Industry.  (Montana  Department  of 
State  Lands,  Foresty  Division,  Missoula,  19G3). 

b)  The  following  size  class  codes  are  pertinent  to  the  above  mills:  A = less  than  3,000  MBF  (thousand  board  feet) 
per  year;  B = 3,000  to  5,000  MBF  yr~^;  C = 5,000  to  10,000  MBF  yr-^ ; and  D = 10,000  to  25,000  MBF  yr“'. 

c)  Two  sets  of  codes  are  given:  the  first  relates  to  treatment  plant  type,  while  the  second  relates  to  the  type 
of  preservative  used.  The  former  codes  include  CS  = cold  soak,  NP  = non-pressure,  and  T = thermal.  The  latter 
codes  include  P = Penta,  and  0 = oil -borne. 


2-10 


TABLE  2-1.— SUMMARY  OF  SAWMILL  AND  POST  AND  POLE  OPERATORS  CONTACTED 
WITHIN  50  MILES  OF  LINCOLN,  MONTANA3  (Continued) 


A.  POST  AND  POLE  PROCESSORS  (Contd) 


County 


Fi  rm 


Process 

Typec 


Personal  Contact/ 
Phone  Number 


Lewis  and  Clark  Blackfoot  Treating  Plant  T-NP;  P 

Box  304 

Lincoln,  MT  59639 

Bouma  Post  Yard  CS-NP;  P-0 

Box  108 

Lincoln,  MT  59639 


Mr,  Gerald  Bares eh 
362-42:0 


Mr.  Louie  Bouma 
362-4222 


Notes : 

a)  Information  taken  from  the  1983  Directory  of  Montana 's  Forest  Products  Industry.  (Montana  Department  of 
State  Lands,  Foresty  Division,  Missoula,  1983). 

b)  The  following  size  class  codes  are  pertinent  to  the  above  mills:  A = less  than  3,000  M8F  (thousand  Doard  feet) 
per  year;  B = 3,000  to  5,000  MBF  yr"1 ; C = 5,000  to  10,000  MBF  yH  ; and  D = 10,000  to  25,000  MBF  yH. 

c)  Two  sets  of  codes  are  given:  the  first  relates  to  treatment  plant  type,  while  the  second  relates  to  the  type 
of  preservative  used.  The  former  codes  include  CS  = cold  soak,  NP  = non-pressure,  and  T = thermal.  The  latter 
codes  include  P = Penta,  and  0 = oil -borne. 


© • 
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TABLE  2-2.— SUMMARY  OF  SECONDARY  MANUFACTURING  OPERATIONS  CONTACTED 
WITHIN  50  MILES  OF  LINCOLN,  MONTANA3 


County 


Fi  rm 


Products 


Personal  Contact/ 
Phone  Number 


Lewis  and  Clark  Foley's  Cabinet  and 

3205  2nd  Avenue 
Box  4075 

Helena,  MT  59601 

Lincoln  Log  Cabins 
Box  48 

Lincoln,  MT  59639 

Yuhas  Millwork 
2201  Hauser 
Box  952 

Helena,  MT  59601 


Fixture  Cabinets  and  Millwork 


Log  Homes  about 
(50  per  year) 


Architectural  Millwork, 
Cabinets  and  Panelling 


Mr.  Pat  Foley 
442-3431 


Mr.  Gerald  Baresh 
362-4259 


Mr.  Quinton  Yuhas 
442-4707 


Note : 

a)  Information  taken  from  the  1 983  Pi  rectory  of  Montana 's  Forest  Products  Industry.  (Montana  Department  of 
State  Lands,  Foresty  Division,  Missoula,  1 983). 
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TABLE  2-3.— SUMMARY  OF  SAWMILL  AMD  POST  AND  POLE  OPERATORS  CONTACTED 
WITHIN  50  MILES  OF  LIVINGSTON,  MONTANA3 


A.  SAWMILLS 


County 

Fi  rm 

Size 

Classb 

Personal  Contact/ 
Phone  Number 

Gallatin 

Lumber  Enterprises 
Canyon  Route 

Gallatin  Gateway,  MT  59730 

A 

Mr.  Doug  Flament 
763-4411 

Mr.  Dave  Hargrove 
763-4416 

Plum  Creek 
Box  325 

Belgrade,  MT  59714 

D 

Mr.  Bill  Purcell 
388-4221 

Park 

Brand  S.  Lumber  Company 
Box  1033 

Livingston,  MT  59047 

C 

Mr.  Dick  Webb 
222-3360 

Dave  Menuey 

East  of  Cooke  City 

Cooke  City,  MT  59020 

A 

Mr.  Dave  Menuey 
838-2392 

Sarrazin  Lumber  Company 
Box  122 

Clyde  Park,  Mt  59018 

A 

Mr.  Bob  Sarrazin 
686-4447 

Willow  Creek  Lumber  Co. 
Box  1297 

Livingston,  MT  59047 

B 

Mr.  Bob  Hansen 
222-6240 

Notes  : 

a)  Information  taken  from  the  1983  Directory  of  Montana's  Forest  Products  Industry.  (Montana  Department  of 
State  Lands,  Foresty  Division,  Missoula,  1983). 

b)  The  following  size  class  codes  are  pertinent  to  the  above  mills:  A = less  than  3,000  MBF  (thousand  board  feet) 
per  year;  B = 3,000  to  5,000  MBF  yH  ; C = 5,000  to  10,000  MBF  yH  ; and  D = 10,000  to  25,000  MBF  yH. 


Q • 
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TABLE  2-3.— SUMMARY  OF  SAWMILL  AND  POST  AND  POLE  OPERATORS  CONTACTED 
WITHIN  50  MILES  OF  LIVINGSTON,  MONTANA3  (Continued) 


A.  SAWMILLS  (Contd) 

County  Ei  rm 

Sweet  Grass  Ralph  Cosgriff 

Big  Timber,  MT  59011 

Timberline  Sawmill 
Box  1073 

Big  Timber,  MT  59011 

Morris  Tronrud,  Jr. 
Melville,  MT  59055 


Size 

Classb 

A 


A 


A 


Personal  Contact/ 
Phone  Number 


Mr.  Ralph  Cosgriff 
932-2483 

Mr.  Bruce  Ricker 
932-3653 


Mr.  Morris  Tronrud,  Jr. 
537-4475 


B.  POST  AND  POLE  PROCESSORS 

Process 

County  Fi  rm  _LZ££C_ 

Gallatin  Belgrade  Post  Yard  CS-NP;  P-0 

Route  #1 
Box  196 

Belgrade,  MT  59714 

* Idaho  Pole  Company  P.T-NP;  P-0 

Box  1129 

Bozeman,  MT  59715 


Personal  Contact/ 
Phone  Number 


Mr.  Jerry  Beagley 
388-6760 


Mr.  Todd  Brown 
587-51  81 


Notes : 

a)  Information  taken  from  the  1 983  Pi  rectory  of  Montana 's  Forest  Products  Industry.  (Montana  Department  of 

State  Lands,  Foresty  Division,  Missoula,  1983).  ' “ “ unr  /iU  . . . , . . 

b)  The  following  size  class  codes  are  pertinent  to  the  above  mills:  A = less  than  3,000  MBF  (thousand  board  feet) 
per  year;  B = 3,000  to  5,000  MBF  yr_1 ; C = 5,000  to  10,000  MBF  yr"1 ; and  D = 10,000  to  25,000  MBF  yr_l. 

c)  Two  sets 'of  codes  are  given:  the  first  relates  to  treatment  plant  type,  while  the  second  relates  to  the  type 
of  preservative  used.  The  former  codes  include  CS  = cold  soak,  NP  = non-pressure,  and  T = thermal.  The  latter 
codes  include  P = Penta,  and  0 = oil -borne. 
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TABLE  2-4.— SUMMARY  OF  SECONDARY  MANUFACTURING  OPERATIONS  CONTACTED 
WITHIN  50  MILES  OF  LIVINGSTON,  MONTANA3 


County 

Gallatin 


Fi  rm 


Products 


Personal  Contact/ 
Phone  Number 


Hoeger  Wood  Products  Survey  Stakes 

Box  272 

Gallatin  Gateway,  MT  59720 


Mrs.  Virginia  Hoeger 
763-4442 


Lumber  Enterprises,  Inc. 
7577  Gallatin  Road 
Bozeman,  MT  59715 


Log  Homes  Mr.  Dave  Hargrove 

(about  240  per  year)  763-4411 


Note: 

a)  Information  taken  from  the  1 983  Pi  rectory  of  Montana 's  Forest  Products  Industry.  (Montana  Department  of 
State  Lands,  Foresty  Division,  Missoula,  1983). 
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2.2,2  Municipal  Wood  Fiber  Recovery  and  Waste  Paper  Recycling  Contributions 


2„2o2.1  Municipal  Wood  Fiber  Recovery 

The  major  objective  of  this  inventory  was  the  estimation  of  annual  processable 
waste  production  within  and  adjacent  to  particular  municipalities  within  50 
miles  of  each  potential  FGE  site.  Lesser  objectives  included  the  following: 
1)  an  estimation  of  economic  availability  of  such  materials,  given  the  calcu- 
lated costs  of  collection,  transport,  handling,  etc;  and  2)  an  evaluation  of 
the  effects  of  competition  among  the  various  potential  consumers  of  the 
municipal  wood  fiber. 

The  Executive  Summary  and  Region  IV  Final  Report  for  the  Montana  State  Solid 
Waste  Management  Strategy  document  were  used  to  satisfy  the  above  objectives 
(Henningson  et  a]_.,  1976a,  b).  The  processable  waste  figures  listed  in  these 
reports  do  not  include  earth  and  fill  material,  "bulky  materials,  or  debris 
from  construction  or  demolition  projects.  Henningson  et  a]_.  observed  that 
77  percent  by  weight  of  the  processable  wastes  are  combustible  (Executive 
Summary,  p.  3).  The  present  study  assumes  that  this  weight  percent  is  also 
fermentable,  i.e.,  being  suitable  for  use  as  FGE  feedstock. 

The  municipal  wood  fiber  inventory  results  are  presented  in  subsection  2. 3. 1.2 
for  the  Lincoln  site  and  in  subsection  2. 3. 2. 2 for  the  Livingston  site. 
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2 >2,2*2  Waste  Paper  Recycling  Contributions 

Ti\e  major  objective  of  this  inventory  was  the  estimation  of  the  quantities  of 
newsprint,  cardboard,  and  other  paper  waste  processed  by  the  particular  re- 
cycling centers  operating  within  reasonable  distances  of  the  respective  FGE 
sites,  A lesser  objective  was  the  evaluation  of  competition  effects  (i.e., 
resource  availability),  given  the  knowledge  that  much  of  the  wastes  produced 
at  present  are  used  in  producing  pulp  and  insulation. 

The  data  for  recycled  paper  products  were  acquired  via  phone  interviews  of 
the  managers  of  those  centers  pertinent  to  this  study.  Key  information  for 
each  center  operating  within  the  Lincoln  study  area  is  shown  in  Table  2-5, 
Part  A;  the  equivalent  information  for  the  Livingston  study  area  is  shown  in 
Table  2-5,  Part  B. 

The  recycled  paper  inventory  results  are  presented  in  subsection  2. 3. 1.3  for 
the  Lincoln  site  and  in  subsection  2. 3. 2. 3 for  the  Livingston  site. 


2.3  STUDY  RESULTS 


2,3,1  Lincoln  Study  Area 

The  methodologies  discussed  in  Section  2.2  were  applied  to  inventorying  the 
defined  waste  fiber  categories  within  approximately  50  miles  of  Lincoln.  The 
estimated  annual  production  of  coarse  and  fine  residues  arising  from  sawmill 
and  secondary  manufacturing  processes  is  presented  in  subsection  2. 3. 1.1. 
The  potential  recovery  of  processable  wood  fiber  from  municipal  solid  waste 
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TABLE  2-5.— WASTE  PAPER  RECYCLING  CENTERS  PRESENT  WITHIN  THE  VICINITIES 
OF  THE  LINCOLN  AND  LIVINGSTON,  MONTANA  FGE  STUDY  SITES3 


PART  A.  LINCOLN  FGE  SITE  AREA 


County 


Fi  rm 


Fiber  Materials  Recycled  Personal  Contact/Phone  Number 


Cascade 


Lewis  and  Clark 


Missoula 


Great  Falls  Recycling  Center 

700  2nd  Street 

Great  Falls,  MT  59405 

Montana  Recycling  Center 
933  Getchell 
Helena,  MT  59601 

Five  Valley  Recycling 
3010  Reserve 
Missoula,  MT  59801 


Newspaper,  cardboard,  white 
newsprint,  computer  printouts 


Newspaper,  computer  printouts, 
cardboard 


Newspaper,  computer  printouts, 
ledger  paper,  cardboard 


Mr.  Ray  Quigley 
452-41 92 


Mr.  Frank  Bushilla 
443-7587 


Mr.  Dale  Traver 
549-2267 


Missoula  Recycling  Center 
806  West  Spruce  Street 
Missoula,  MT  59801 


Newspaper,  ledger  paper,  computer  Mr.  Doug  Stewart 
printouts  and  cards,  old  corrugated  721-1120 
contai ners 


Note : 

a)  The  respective  address  and  phone  number  per  contact  were  acquired  from  phone  directories.  Names  of  persons 
were  obtained  during  the  specific  interview. 
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TABLE  2-5,— WASTE  BARER  RECYCLING  CENTERS  PRESENT  WITHIN  THE  VICINITIES 
OF  THE  LINCOLN  AND  LIVINGSTON,  MONTANA  ^GE  STUDY  SITES3  (Continued) 


PART  B.  LIVINGSTON  FGE  SITE  AREA 


County 

Fi  rm 

Fiber  Materials  Recycled 

Personal  Contact/Phone  Number 

Butte-Silver  Bow 

Butte  Recycling  Center 
616  East  Front  Street 
Butte,  MT  59701 

Newspaper  only 

Mr.  Don  Hilmo 
723-6440 

Gallatin 

Bozeman  Recycling  Center 
725  East  Cottonwood 
Bozeman,  MT  59715 

Newspaper  and  computer 
pri ntouts 

Mr.  Lee  Bakke 
587-4853 

Yellowstone 

l — » 

00 

Billings  Recycling  Center 
458  Charles 
Billings,  MT  59101 

Newspaper  and  corrugated 
boxes 

Mr.  Mark  Richlen 
252-5721 

Note : 

a)  The  respective 
were  obtained 

address  and  phone  number  per 
during  the  specific  interview. 

contact  were  acquired  from  phone 

directories.  Names  of  persons 

4 
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disposal  operations  is  discussed  in  subsection  2. 3. 1.2.  Similar  (potential) 
contributions  from  waste  paper  recycling  centers  is  assessed  in  subsection 
2. 3. 1.3  of  the  report. 

2. 3. 1.1  Mill  Residue  Inventory  Results 

In  general,  the  information  gathered  during  the  telephone  interviews  allowed 
two  qualitative  observations  to  be  made.  First,  the  largest  sawmills  now 
possess,  or  have  previously  held,  long-term  contracts  with  Champion  Inter- 
national and/or  Louisiana  Pacific  for  purchase  of  their  mill  wastes.  Second, 
these  two  industrial  consumers  have  "captured"  all  but  the  smallest  producers 
whose  waste  cannot  cost-effectively  be  collected  and  transported  to  Missoula. 
These  owners  either  use  the  wastes  on-site,  give  them  away  to  friends,  or 
sell  them.  These  general  observations  are  discussed  in  greater  detail  in  the 
following  paragraphs. 

The  respective  Helena  and  Deer  Lodge-based  subsidiary  companies  (Table  2-1) 
of  Champion  International  (Cl)  and  Louisiana  Pacific  (LP)  send  their  wastes 
to  one  or  the  other  of  the  Missoula  operations.  The  other  sawmill  operations 
(Table  2-1)  known  to  have  committed  at  least  portions  of  their  wastes  to  Cl 
and/or  LP  are  summarized  in  Table  2-6.  Data  on  company-specific  waste  genera- 
tion quantities  were  not  volunteered  by  the  respective  operators.  However, 
it  is  the  author's  impression  that  the  commitments  are  long-term,  and  that 
such  residues  should  not  be  assumed  to  be  accessible  to  the  potential  FGE 
facility.  Besides  the  companies  shown  in  Table  2-6,  three  ether  waste  pro- 
ducers have  allowed  their  respective  contracts  with  Cl  to  lapse.  The  Black- 
foot  Treating  Plant/Lincoln  Log  Cabins  generate  collectively  about  1000  units 
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TABLE  2-6.— SAWMILL  WASTE  PURCHASE  AGREEMENTS  PRESENTLY  IN  EFFECT 
WITH  THE  MAJOR  INDUSTRIAL  CONSUMERS  LOCATED  IN  THE  MISSOULA  AREA 


Sawmill  Company3 

Waste  Type 

Hogfuel 

Chips 

Sawdust 

Comments 

Ha  11 /Alt  Lumber  Company 

-- 

C.I.b 

L.P.b 

Delivery  contracts  are  effective  for 
the  next  2 to  3 years. 

R and  R Lumber  Company 

C.I. 

C.I. 

— 

C.I.  has  bought  sawdust  in  the  past,  bi 
is  not  doing  so  presently;  owners  assun 
5 to  7 cunitsc  produced  per  day. 

Pyramid  Mountain 
Lumber  Company 

C.I. 

C.I. 

C.I. 

Contract  states  that  wastes  cannot  be 
sold  to  anyone  besides  C.I.  without 
their  expressed  knowledge  and 
permission.  , 

Notes : 

a)  Full  address/operator  contact/phone  number  information  for  these  companies  is  found  in  Table  2-1. 

b)  C.I.  = Champion  International; 

L.P.  = Louisiana  Pacific. 

c)  A cunit  is  100  cubic  feet  of  material. 
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(375  green  tons)  per  year  of  peeler  shavings,  and  sawdust;  in  better  economic 
times,  it  is  estimated  that  they  can  produce  two  to  three  times  the  above 
amount  of  wastes.  Company  management  has  been  informed  that  Cl  may  purchase 
a portion  of  the  stockpiled  residues  as  early  as  this  fall.  Woodhurst  Lumber 
produces  approximately  1000  cubic  yards  (717  green  tons)  of  sawdust  per  year, 
and  would  sell  it  to  a local  consumer  if  the  opportunity  arose.  The  approxi- 
mate 1000  cords  of  slabs  generated  per  year  are  sold  for  firewood.  The  Bouma 
Post  Yard  produces  an  estimated  25  tons  per  day  of  various  mill  wastes. 
Their  contract  with  Cl  has  expired,  and  has  not  been  renegotiated  to  date.  A 
Kansas  firm  has  evaluated  the  post  yard  residue  production  figures  and  con- 
cluded that  a 1.6  million  gallon  per  year  alcohol  facility  is  feasible. 
Unfortunately,  no  formal  documentation  of  this  resource  assessment  or  further 
details  on  the  firm  are  available  (Mr.  Harold  Bouma,  personal  communication). 

The  small  mills  whose  waste  have  never  been  committed  on  a long-term  basis 
to  the  Cl  and/or  LP  operations  are  presented  in  Table  2-7.  The  respective 
quantities  of  wastes  should  be  taken  as  "ball  park"  estimates  only.  This  is 
due  largely  to  the  lack  of  detailed  "waste  accounting  procedures"  practiced 
by  many  of  the  operators  shown  in  Table  2-7.  A summation  of  the  presently 
uncommitted  wood  residue  production  estimates  yields  a value  of  1414.4 
green  tons  per  year. 

In  regards  to  wood  waste  production  from  secondary  manufacturing  operations 
(Table  2-2),  none  of  the  residues  generated  by  either  the  Foley  Cabinet  and 
Fixture  Works  or  Yuhas  Millwork  are  committed  to  some  industrial  use.  Infor- 
mation received  from  Mr.  Pat  Foley  indicates  that  about  156  tons  of  low- 
moisture  (i.e.,  4 to  8 percent -by-weight ) wood  waste  is  generated  per  year. 
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TABLE  2-7.— ESTIMATED  WASTE  PRODUCTION  FIGURES  FROM  LINCOLN-AREA  SAWMILLS  NOT 
POSSESSING  PURCHASE  AGREEMENTS  WITH  THE  MAJOR  INDUSTRIAL  CONSUMERS  LOCATED  IN  THE  MISSOULA  AREA 


Sawmill  Company3 

Waste  Type 
Slabs/Bark 

Sawdust 

Comments 

Granite  Timber  Treating 

b 

__b 

Presently  produce  a total  of  6.6  to  10.0 
tpd  of  wastes;  some  of  the  slabs  are 
purchased  by  the  USFS  for  campground  wood. 

Gean  Debree 

— 

— 

Estimates  a present  production  of 
about  1 ton  of  wastes  per  year. 

Martin  Drivdahl 

~ 35  tpy 

■ 8.8  tpy 

Slabs  sold  for  firewood,  while  sawdust  sold 
for  garden  mulch,  livestock  bedding,  etc. 

Morris  Lumber  Company 

-- 

— 

May  produce  up  to  1228  tons  of  waste  per 
year;  slabs  sold  for  firewood. 

Warren  Wood  Sawmill 

— 

8.6  tpy 

Sawdust  used  for  garden  mulch,  while  the 
slabs  are  burned  or  used  for  fencing. 

Notes : 

a)  Full  address/operator  contact/phone  number  for  these  companies  is  found  in  Table  2-1. 

b)  No  specific  values  are  given  in  those  cases  where  the  owner  either  did  not  offer  an  estimate 
(or  known  value),  or  could  not  give  sufficient  information  for  the  author  to  estimate  one. 
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TABLE  2-7.— ESTIMATED  WASTE  PRODUCTION  FIGURES  FROM  LINCOLN-AREA  SAWMILLS  NOT  POSSESSING 
PURCHASE  AGREEMENTS  WITH  THE  MAJOR  INDUSTRIAL  CONSUMERS  LOCATED  IN  THE  MISSOULA  AREA  (Continued) 


Sawmill  Company3 


Jerry  Monte! ius 


Dave  Sheets 


Joe  Applegate 


Laurence  Beck 


Soren  Beck 


Waste  Type 


Slabs/Bark  Sawdust 


b 


b 


~ 14.3  tpy 


Comments 


Produces  a total  of ~ 95.4  tons 
of  waste  per  year;  C.I.  has  not 
acquired  these  wastes  due  to  excessive 
collection/transportation  costs. 

Estimates  a total  production  of  _<  5 tons  per 
year;  sawdust  used  for  livestock  bedding, 
and  slabs  for  firewood. 

Slabs  are  consumed  for  firewood,  while  no 
one  has  offered  to  remove  the  sawdust  from 
his  property. 

Could  not  estimate  the  waste  quantities, 
doubting  that  there  was  "enough  to  bother 
with".  Author  estimates  a total  of 
5 tons  per  year. 

Refused  to  estimate  quantities;  author 
estimates  a total  value  of  _<  5 tons  per 
year. 


Notes : 

a)  Full  address/operator  contact/phone  number  for  these  companies  is  found  in  Table  2-1. 

b)  No  specific  values  are  given  in  those  cases  where  the  owner  either  did  not  offer  an  estimate 
(or  known  value),  or  could  not  give  sufficient  information  for  the  author  to  make  an  estimate. 


These  materials  have  not  been  utilized  by  pulping  mills  as  such  processes 
apparently  require  "green",  moist,  chips,  (Mr.  Pat  Foley,  personal  communic  - 
ati on) . The  Yuhas  Millwork  presently  produces  approximately  2 tons  per  month 
of  kiln-dried  sawdust  ( i . e . , 8 to  12  percent-by-weight  moisture);  full- 
capacity  operations  would  produce  about  10  tons  per  month  of  sawdust,  etc. 
Apparently,  Cl  views  such  production  levels  as  being  "too  small  to  deal 
with,"  (Mr.  Quinton  Yuhas,  personal  communication).  "Dozens  of  ranchers" 
remove  sawdust  from  the  waste  bins  for  use  as  livestock  bedding  material. 

In  conversing  with  various  individuals  listed  in  Table  2-1,  average  FOB  prices 
paid  by  the  Missoula-based  industrial  consumers  were  ascertained.  The  respec- 
tive prices  per  kiln-dry  ton  are  as  follows:  chips,  $32;  sawdust,  $8;  and 
hogfuel , $6.50.  The  equivalent  prices  per  green  ton  are  approximately  93.8 
percent  of  the  kiln-dry  prices.  This  information  is  sufficiently  accurate 
for  general,  short-term  planning  efforts.  Given  the  forecast  of  industrial 
demand  for  wood  fiber  exceeding  apparent  supply  over  the  next  seven  years, 
(Keegan  and  Lenihan,  1983),  the  above  prices  could  increase  considerably. 

In  summary,  pessimistic  and  optimistic  estimates  of  total  annual  mill  wastes 
available  for  FGE  production  (within  the  defined  study  area)  are  1725.6  and 
3821.5  green  tons.  Both  of  these  estimates  are  based  on  two  critical  assump- 
tions: 1)  that  none  of  the  Table  2-6  residues  but  all  of  the  Table  2-7  resi- 
dues are  economically  accessible  to  the  FGE  facility;  and  2)  that  all  of  the 
residues  generated  by  the  Foley  and  Yuhas  manufacturing  processes  are  economi- 
cally accessible  to  the  FGE  facility.  The  optimistic  estimate  assumes  that 
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one-half  of  the  wastes  produced  by  the  Woodhurst,  Blackfoot,  ano  Bouma  opera- 
tions wlil  be  economically  accessible  to  the  FGE  facility  tnroughout  the 


operating  life  of  the  FGE  plant. 

2. 3. 1.2  Municipal  Wood  Fiber  Recovery 

In  1980,  a projected  36,422  tons  per  year  of  processable  waste  was  produced 
within  50  miles  of  Lincoln  (Henningson  et  al_. , 1976b).  If  the  percentage-by- 
weight of  these  wastes  that  is  combustible  is  assumed  to  be  the  same  as  the 
weight  that  is  fermentable,  then  77  percent  of  the  total  residue  (i.e., 
28,045  tpy)  should  be  acceptable  as  FGE  feedstock  material  (Henningson,  et 
al.,  1976a,  p.  3).  The  quantity  of  FGE  feedstock  could  rise  to  38,141  per 
year  by  1990,  assuming  the  following  two  conditions  hold  true.  First,  it  is 
assumed  that  the  statewide  solid  waste  generation  rate  of  about  4.28  pounds 
per  person-day  average  is  applicable  to  the  defined  study  area  (Henningson, 
et  al . , 1976b,  P.  1-4).  Second,  it  is  assumed  that  waste  generation  rates 
will  remain  directly  proportional  to  population  growth  projections. 

Estimated  delivery  costs  incurred  for  hauling  waste  from  regional  landfills 
located  within  or  adjacent  to  the  study  area  to  the  FGE  facility  range  from 
$1.27  per  ton  to  $69.11  per  ton,  as  shown  in  Table  2-8.  These  cost  estimates 
assume:  1)  that  solid  waste  delivery  to  a given  landfill  is  paid  for  through 
routine  waste  collection  fees  or  taxes;  2)  that  the  cost  for  separating  the 
fermentable  waste  (from  the  total  bulk)  is  essentially  zero  (i.e.,  a success- 
ful public  education  program  is  in  place  that  encourages  such  waste  segrega- 
tion at  the  various  primary  collection  points);  and  3)  that  handling  costs  at 
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TABLE  2-8. --SUMMARY  OF  SOLID  WASTE  TRANSPORT  COSTS  FROM  LOCAL 
LANDFILL  SITES  TO  THE  LINCOLN-BASED  FGE  FACILITY  (IN  1983  DOLLARS  PER  TON) 


Landfill  Location 
(Road  Miles  from  FGE  Site) 

Haul 

Roll-Off  Container3 

Method 

Transfer  Trailer*5 

Deer  Lodge  (75) 

47.55 

31 .65 

Helena  (59) 

37.41 

24.90 

Lincoln  (2) 

1.27 

0.84 

Philipsburg  (109) 

69.11 

46.00 

o 

Notes: 

a)  Assumes  the  use  of  a 40  cubic  yard  compacted  roll-off  container  truck  having 
a crew  size  of  1 and  capacity  of  10  tons;  general  round-trip  operating 
costs  were  set  at  $0,317  per  ton  per  mile. 

b)  Assumes  the  use  of  a 65  cubic  yard  transfer  trailer  having  a crew  size  of 
1 and  haulage  capacity  of  18  tons;  general  operating  costs  were  set  at 
$0,211  per  ton  per  mile. 


Source: 

The  costs  (in  1976  dollars)  were  taken  from  Table  A-6  from  Henningson 
et  al.,  1976b;  they  were  adjusted  to  1983  dollars  using  1976  and 
projected  1983  wholesale  price  indices  of  183  and  322,  respectively. 


9 

9 
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the  FGE  site  can  be  set  at  zero  dollars,  or  at  least  be  minimized  by  prorat- 
ing the  overall  feedstock  handling  costs. 

Although  the  above  assumptions  are  clearly  optimistic,  the  transfer  tractor- 
trailer  haulage  costs  (Table  2-8)  are  generally  less  than  the  $43.60  per 
green  ton  ceiling  price  affordable  for  logging  residues  (MultiTech,  1983); 
the  Philipsburg  haulage  costs  appear  to  be  the  exception  to  this  general 
observation.  If  the  total  cost  incurred  by  the  above  three  assumptions  does 
not  exceed  one-half  the  haulage  cost  from  specific  landfill  sites  to  the  FGE 
site,  then  "ultimate"  costs  per  green  ton  of  processable  waste  should  be 
about  $47.48.  In  such  case,  much  of  the  processable  wastes  collected  at  the 
Helena  and  Deer  Lodge  landfill  sites  would  be  economically  feasible  sources  of 
feedstock  for  FGE  production.  The  area-wide  landfill  located  in  Helena  could 
receiye  approximately  2673  tpy  of  fermentable  waste  from  Boulder  and  Townsend. 

On  the  other  hand,  the  approximately  466  tpy  of  fermentable  wastes  from 
Philipsburg  do  not  appear  to  be  economically  accessible  from  the  Lincoln  FGE 
site.  The  net  effect  of  these  waste-handi ing  evaluations  on  the  previous 
annual  production  estimates  are  as  follows:  1)  the  estimated  1980  area-wide 

production  of  fermentable  wastes  would  increase  from  28,045  tpy  to  30,252 
tpy,  while  2)  the  estimated  1990  production  would  increase  from  38,141  tpy 
to  41,143  tpy. 

2. 3. 1.3  Recycled  Waste  Paper  Products  Inventory 

Table  2-5,  Part  A,  presents  information  on  the  local  recycling  centers  con- 
tacted during  this  phase  of  the  inventory  study.  The  respective  managers 


2-27 


were  interviewed  by  phone  regarding  the  estimated  amount  of  waste  paper 
handled  and  the  use  of  waste  paper  by  other  industrial  consumers. 

Data  specific  to  each  recycling  center  are  considered  proprietary  (Mr.  Doug 
Stewart,  personal  communication),  so  only  total  quantities  per  product  type 
will  be  discussed  here.  The  monthly  average  for  newsprint  and  corrugated 
containers  is  approximately  100  tons  and  85  tons,  respectively.  The  respec- 
tive average  prices  are  approximately  $45  and  $76  per  ton;  the  higher  quality 
computer  printouts  sell  at  around  $200  per  ton.  The  haul  cost  generally 
averages  about  $1  per  load-mile  if  the  wastes  are  transported  via  truck 
(Mr.  Doug  Stewart,  personal  communication). 

ihe  Pioneer  Insulation  Company  (located  in  Great  Falls)  purchases  newsprint 
on  an  intermittent  basis.  Fibers  International,  an  Oregon-based  "pulp  broker" 
firm,  purchases  old  corrugated  containers,  most  of  which  are  then  resold  to 
pulping  mills  located  in  southeast  Asia  and  Japan.  A Wenatchee,  Washington 
firm  consumes  major  portions  of  the  corrugated  containers  processed  by  the 
Five  Valley  Recycling  center  in  Missoula.  Apparently,  the  Washington  firm 
uses  these  materials  for  lining  apple  crates  prior  to  shipment.  In  general, 
the  demand  for  such  paper  feedstock  at  least  equals  present  supply,  and  new 
consumers  will  face  stiff  competition  in  acquiring  these  materials.  The  $45 
per  ton  (average)  price  for  newsprint  appears  to  be  marginally  affordable  by 
the  FGE  operations;  however,  the  approximate  $1  per  load-mile  haul  cost 
reduces  the  supply  area  considerably.  Montana  Recycling,  Inc.  (Missoula) 
would  be  willing  to  negotiate  long-term  feedstock  supply  contracts  with  the 
FGE  operations  if  the  price  paid  is  competitive  with  that  received  from  other 
users. 
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2.3.2  Livingston  Study  Area 

The  methodologies  discussed  in  Section  2.2  were  applied  to  inventorying  the 
defined  waste  fiber  categories  present  within  approximately  50  miles  of 
Livingston.  The  estimated  annual  production  of  coarse  and  fine  wastes 
generated  from  sawmill  and  secondary  manufacturing  operations  is  presented 
in  subsection  2. 3.2.1.  The  potential  recovery  of  processable  wood  fiber  from 
municipal  solid  waste  disposal  facilities  is  discussed  in  subsection  2. 3. 2. 2. 
Potential  contributions  from  waste  paper  recycling  centers  is  evaluated  in 
subsection  2. 3. 2. 3 of  this  report. 

2. 3. 2.1  Mill  Residue  Inventory  Results 

In  general,  the  information  gleaned  from  the  telephone  interviews  indicated 
results  similar  to  those  observed  in  the  Lincoln  area.  The  largest  sawmill 
operations  possess  written  or  verbal  agreements  for  long-term  shipment  of  the 
various  wastes  to  the  Champion  International  (Cl)  operations.  Furthermore, 
the  residues  not  captured  by  Cl  are  of  uncertain  supply  or  insufficient 
quantity  to  be  cost-effectively  collected  and  transported  back  to  Missoula. 
In  such  cases,  the  owners  either  use  the  wastes  on-site,  give  them  away  to 
friends,  or  sell  them.  These  general  observations  are  discussed  in  greater 
detail  below. 

The  Plum  Creek  and  Brand  S Lumber  Company  operations  have  committed  their 
mill  wastes  to  Cl.  Plum  Creek  wastes  not  shipped  to  Cl  are  hogged  and  burned 
on-site.  The  contract  between  Cl  and  Brand  S Lumber  allows  for  the  release 
of  up  to  35  percent  of  total  wastes  to  other  consumers  through  1985;  such 
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quantities  would  total  approximately  705  green  tons  per  month.  The  other 
sawmill  operations  (Table  2-3)  known  to  have  committed  at  least  portions  of 
their  wastes  to  Cl  include  the  Lumber  Enterprises  facility  at  Gallatin  Gate- 
way and  the  Willow  Creek  Lumber  Company  in  Livingston.  Willow  Creek  has  a 
"verbal  agreement"  with  Cl  for  purchase  of  chips  and  intermittent  purchase  of 
bark  for  hogfuel . The  estimated  10  tpd  of  sawdust  is  hauled  to  feedlot 
operations  in  the  Helena  area.  The  bark  not  sold  for  hogfuel,  especially 
from  Douglas  fir  trees,  is  purchased  by  a decorative  bark  facility  in  Town- 
send. The  Willow  Creek  sawmill  presently  transports  chips  and  a portion  of 
its  coarse  wastes  to  the  Cl  operations.  About  25  to  30  tpd  of  sawdust  and 
planer  shavings  are  presently  uncommitted  to  other  users.  However,  there  is 
some  interest  in  pelletizing  the  wastes  for  use  in  wood  stoves,  and  this 
should  be  viewed  as  a competitor  for  these  materials  (Mr.  Bob  Hansen,  personal 
communication). 

The  sawmills  whose  wastes  have  never  been  committed  to  the  Cl  operations  are 
shown  in  Table  2-9.  The  quantities  of  mill  wastes  should  be  taken  as  reason- 
able approximations  only.  This  is  due  largely  to  the  lack  of  detailed, 
long-term,  "waste  accounting  procedures"  practiced  by  many  of  the  operators 
shown  in  Table  2-9.  A summation  of  the  presently  uncommitted  wood  residue 
production  figures  yields  a value  of  about  2484  green  tons  per  year.  An 
additional  900  to  1200  green  tons  of  stockpiled  wastes  are  probably  available 
for  "one-time-only"  consumption. 

The  mill  wastes  produced  by  the  area's  secondary  manufacturing  operations 
(Table  2-4)  are  committed  largely  to  other  uses.  The  wastes  produced  by 
Lumber  Enterprises,  Inc.  during  log  home  manufacture  are  sold  to  Cl,  along 
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TABLE  2-9. --ESTIMATED  WASTE  PRODUCTION  FIGURES  FROM  LIVINGSTON-AREA  SAWMILLS  NOT 
POSSESSING  PURCHASE  AGREEMENTS  WITH  THE  MAJOR  INDUSTRIAL  CONSUMERS  LOCATED  IN  THE  MISSOULA  AREA 


Sawmill  Company3 


Dave  Menuey 


Waste  Type 


Slabs/Bark 

Sawdust 

Comments 

b 

about  37  tpy 

Possess  ~ 185  tons  of  sawdust  that  has 
accumulated  over  the  past  4 to  5 years;  he 
would  sell  It,  "if  they  had  the  chance." 

The  slabs  are  either  given  away  for 
firewood  or  burned  on-site. 

Sarrazin  Lumber  Company 


__b  about  100  to  150  tpy  > The  quantities  of  either  waste  could  not 

be  determined  by  the  owner;  Information 
received  indicates  the  stated  range  of 
estimated  production.  The  sawdust  is 
presently  used  for  livestock  bedding,  but 
would  be  sold,  "if  an  opportunity  arose." 
The  slabs  are  sawn  into  firewood  and  sold 
locally. 


Ralph  Cosgriff 


__b  __b  Sawdust  has  been  piled,  but  total  quantity 

could  not  be  estimated.  The  slabs  and 
edgings  are  burned  on-site  for  firewood. 


Notes: 

a)  Full  address/operator  contact/phone  number  for  these  companies  is  found  in  Table  2-3. 

b)  No  specific  values  are  given  in  those  cases  where  the  owner  either  did  not  offer  an  estimate 
(or  known  value),  or  could  not  give  sufficient  information  for  the  author  to  estimate  one. 
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TABLE  2-9.— ESTIMATED  WASTE  PRODUCTION  FIGURES  FROM  LIVINGSTON-AREA  SAWMILLS  NOT  POSSESSING 
PURCHASE  AGREEMENTS  WITH  THE  MAJOR  INDUSTRIAL  CONSUMERS  LOCATED  IN  THE  MISSOULA  AREA  (Continued) 


Sawmill  Company3 


Waste  Type 

Slabs/Bark  Sawdust 


Comments 


Timberline  Sawmill 


about  1872  tpy  Produce  approximately  28  tpd  of  chips  and 

sawdust.  Ranchers  purchase  the  sawdust  for 
livestock  bedding,  while  the  slabs  are  sold 
for  firewood. 


Morris  Tronrud,  Jr. 


b 


Informed  by  Mrs.  Tronrud  that  they  operate 
"a  private  mill,  and  use  all  the  waste 
ourselves. 11 


Belgrade  Post  Yard 


about  450tpy  Total  waste  production  is  abpit  7 tpd,  whi 

is  presently  hogged  and  burned  on-site;  the 
owner  is  willing  to  sell  wastes  for  FGE 
production. 


Idaho  Pole  Company  — b N/A  Produces  about  118.5  cubic  yards  of 

shredded  cedar/1 odgepole  pine  peels  per 
day.  C.I.  has  not  purchased  the  material, 
as  the  supply  is  intermittent  and  seasonal. 

Notes: 

a)  Full  address/operator  contact/phone  number  for  these  companies  is  found  in  Table  2-3. 

b)  No  specific  values  are  given  in  those  cases  where  the  owner  either  did  not  offer  an  estimate 
(or  known  value),  or  could  not  give  sufficient  information  for  the  author  to  estimate  one. 


C C 


with  the  sawmill  wastes  discussed  previously.  The  Hoeger  Wood  Products  firm 
generates  one-inch  diameter  scraps,  "given  to  older  folks  for  kindling," 
while  the  sawdust  is  used  by  a neighbor  for  burying  dead  livestock.  These 
residues  will  continue  to  be  used  in  this  way  into  the  foreseeable  future 
(Mrs.  Virginia  Hoeger,  personal  communication). 

Average  prices  per  kiln-dry  ton  of  sawdust  and  hogfuel  were  calculated  to  be 
$21.00  and  $2.81,  respectively.  Given  the  forecast  of  industrial  demand  (for 
wood  fiber)  exceeding  supply  over  the  next  seven  or  more  years,  (Keegan  and 
Lenihan,  1983;  Mr.  Chuck  Keegan,  personal  communication),  the  above  price 
estimates  could  increase  considerably. 

In  summary,  pessimistic  and  optimistic  estimates  of  total  annual  mill  residue 
production  economically  accessible  for  FGE  production  are  about  2484  and  5880 
green  tons,  respectively.  The  former  estimate  assumes  that  only  the  wastes 
discussed  in  Table  2-9  are  available  to  the  FGE  operations.  The  latter 
estimate  uses  the  Table  2-9  data  and  the  following  three  assumptions.  First, 
it  is  assumed  that  10  percent  of  the  "negotiable  wastes"  (i.e.,  about  35 
percent  of  the  total  wastes)  produced  per  month  by  the  Brand  S Lumber  opera- 
tions will  be  accessible  to  the  FGE  operation;  if  true,  about  846  green  tpy 
of  feedstock  can  be  expected  from  this  sawmill.  The  second  assumption  is 
that  Lumber  Enterprises  will  sell,  over  the  long-term,  25  percent  of  its 
sawdust  to  the  FGE  facility;  if  true,  this  would  contribute  about  250  green 
tpy  of  feedstock  to  the  FGE  operations.  The  third  assumption  is  that  50 
percent  of  the  sawdust  produced  by  Willow  Creek  Lumber  Company  would  be 
purchasable  by  the  FGE  facility,  for  a total  from  all  the  mills  of  about 

2300  green  tpy. 
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2. 3. 2. 2 Municipal  Wood  Fiber  Recovery 


In  1980,  an  estimated  41,320  tons  of  potentially  processable  waste  was  pro- 
duced within  the  50-mile  radius  study  area  (Henningson  et  al_. , 1976b).  If 
the  percentage-by-weight  of  combustible  wastes  is  the  same  as  the  fermentable 
wastes,  then  77  percent  of  the  total  residue  (i.e.,  31,816  tpy)  should  be 
acceptable  as  either  boiler  or  alcohol  FGE  feedstock  material  (Henningson, 
et^  aj_. , 1976a,  p.  3).  The  quantity  of  FGE  feedstock  could  rise  to  43,270 
tpy  by  1990,  assuming  the  following  two  conditions  hold  true.  First,  it  is 
assumed  that  the  state-wide  solid  waste  generation  rate  of  about  4.28  pounds 
per  person-day  average  is  applicable  to  the  defined  study  area.  Second,  it 
is  assumed  that  waste  generation  rates  will  remain  directly  proportional  to 
population  growth  projections. 

Estimated  delivery  costs  incurred  for  hauling  waste  from  regional  landfills 
located  within  or  adjacent  to  the  study  area  to  the  FGE  facility  will  range 
from  $1.27  per  ton  to  $46.28  per  ton,  as  shown  in  Table  2-10.  These  cost 
estimates  assume:  1)  that  solid  waste  delivery  to  a given  landfill  is  paid 
for  through  routine  waste  collection  fees  or  taxes;  2)  that  the  costs  for 
separating  the  fermentable  wastes  (from  the  total  bulk)  is  essentially  zero 
(i.e.,  a successful  public  education  program  is  in  place  that  encourages 
such  waste  segregation  at  the  various  primary -eol lecti orr --points ) ; and  3)  that 
handling  costs  at  the  FGE  site  can  be  set  at  zero  dollars,  or  at  least  be 
minimized  by  prorating  the  overall  feedstock  handling  costs. 

Although  the  above  assumptions  are  clearly  optimistic,  the  transfer  tractor- 
trailer  haul  costs  (Table  2-10)  are  less  than  the  $43.60  per  green  ton  ceiling 
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TABLE  2rlO—  SUMMARY  OF  SOLID  WASTE  TRANSPORT  COSTS  FROM  LOCAL 
LANDFILL  SITES  TO  THE  LIVINGSTON-BASED  FGE  FACILITY  (IN  1983  DOLLARS  PER  TON) 


Landfill  Location 
(Road  Miles  from  FGE  Site) 


Haul  Method 


Roll-Off  Container3  Transfer  Trailer*5 


Bozeman  (27) 

17.12 

11.39 

Livingston  (2) 

1.27 

0.84 

White  Sulfur  Springs  (73) 

46.28 

30.81 

Notes: 

a)  Assumes  the  use  of  a 40  cubic  yard  compacted  roll-off  container  truck  having 
a crew  size  of  1 and  haulage  capacity  of  10  tons;  general  round-trip 
operating  costs  were  set  at  $0,317  per  ton  per  mile. 

b)  Assumes  the  use  of  a 65  cubic  yard  transfer  trailer  having  a crew  size  of 
1 and  haulage  capacity  of  18  tons;  general  operating  costs  were  set  at 
$0,211  per  ton  per  mile. 


Source: 


The  costs  (in  1976  dollars)  were  taken  from  Table 
et_al.,  1976b;  they  were  adjusted  to  1983  dollars 
estTmated  1983  wholesale  price  indices  of  183  and 


A-6  from  Henningson 
using  1976  and 
322,  respectively. 
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price  affordable  for  logging  residues  (MultiTech,  1983).  If  the  total  cost 
incurred  by  the  above  three  assumptions  does  not  exceed  one-half  the  haul 
cost  from  specific  landfill  sites  to  the  FGE  site,  then  "ultimate"  costs  per 
green  ton  of  processable  wastes  should  be  about  $46.22.  In  such  case,  the 
processable  wastes  collected  at  the  Bozeman,  Livingston,  and  White  Sulfur 
Springs  landfill  sites  would  be  economically  feasible  sources  of  feedstock  for 
FGE  production. 

2. 3. 2. 3 Recycled  Waste  Paper  Products  Inventory 

Table  2-5,  Part  B,  presents  information  on  the  local  recycling  centers  con- 
tacted during  this  phase  of  the  inventory  study.  The  managers  were  inter- 
viewed by  telephone  regarding  the  estimated  amount  of  waste  paper  handled 
and  the  uses  of  paper  waste  by  other  industrial  consumers. 

The  data  specific  to  each  recycling  center  are  considered  proprietary 
(Mr.  Doug  Stewart,  personal  communication),  so  only  total  quantities  per 
product  type  will  be  discussed  here.  The  present  monthly  average  for  news- 
print and  corrugated  container  feedstock  is  approximately  95  tons  and  100 
tons,  respecti vely.  The  respective  average  prices  (excluding  transport)  are 
approximately  $65  and  $80  per  ton;  the  higher  quality  computer  printouts  are 
sold  at  around  $160  per  ton.  The  haul  cost  generally  averages  $1  -pi us  per 
load-mile  if  transported  by  truck  (Mr.  Doug  Stuart,  personal  communication). 

In  general,  recycled  paper  is  shipped  to  the  west  coast,  or  beyond  to  overseas 
locations,  for  pulping  purposes.  Some  of  the  newsprint  is  sold,  on  an  inter- 
mittent basis,  to  the  Pioneer  Insulation  Company's  operations  in  Great  Falls. 
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Furthermore,  local  grocery  establishments  sell  their  corrugated  containers 
directly  to  west  coast  "pulp  brokers"  when  the  market  conditions  are  favor- 
able. Overall,  the  short-term  prices  fluctuate  markedly,  due  to  international 
market  activities,  for  the  various  paper  products.  In  response  to  such 
fluctuations,  the  supply  of  a particular  paper  waste  type  also  varies  con- 
siderably. 
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